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The Building 3001 site is comprised of the Building 3001 complex and
two adjacent underground storage tank areas. The Building 3001
complex consists of an aircraft overhaul and modification complex to
support the mission of the Oklahoma City Air Logistics Center. The
primary activities at Building 3001 include disassembly, degreasing,
cleaning, and inspection of aircraft and engine parts and components;
plating, painting, heat treating, and testing of metal parts and
components; assembly and repairing of accessories including
electrical, valve and governor, gear box, tubing and cable, fuel
controls, nozzles, pumps, and bearings; and assembly, testing, and
packaging of aircraft and aircraft components. The tank areas contain
active and abandoned underground storage tanks for fuel oil, diesel
fuel, and gasoline, abandoned fuel and solvent tanks, and active
solvent tanks. The IWTP receives industrial process discharge waters
from the Building 3001 complex via a series of underground lines.

Once received at the plant, these waters are treated and combined with
treated sanitary wastewater prior to discharge to East Soldier Creek.

Table 1 lists the potential contaminants of concern for the Soldier
Creek site. At this time, the following chemicals have been
identified as the primary contaminants of concern at the site:

Cadmium

Chromium

Copper

Lead

1,2-Dichlorobenzene
1,4-Dichlorobenzene
Trans-1,2-Dichloroethene (t-1,2-DCE)
Tetrachloroethene (PCE)
Trichloroethene (TCE)

Cyanide

O 0O 000 O0OO0OO0OO0OOo

B. Status:

Active

C. Principal Disposal Method:

Industrial wastewaters are discharged to outfalls leading to Soldier
Creek from the Industrial Wastewater Treatment Plant.

D. Features and Unusual Conditions:

Portions of site are located on private property.

Tinker AFB - Soldier Creek 2
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TABLE 1

POTENTIAL CONTAMINANTS OF CONCERN

TINKER AFB - SOLDIER CREEK RI/FS
HEALTH AND SAFETY PLAN

Inorganic Chemicals CAS No. Organic Chemicais (Continued) CAS No.
Arsenic 7440-38-2 1,4-Dichlorobenzene 106-46-7
Barium 7440-39-3 1,1-Dichloroethane 75-34-3
Cadmium 7440-43-9 1,2-Dichioroethane 107-06-2
Chromium 7440-41-7 1,1-Dichlorosthene 75-35-4
Copper 7440-50-8 t-1,2-Dichloroethene 540-59-0
Cyanide 57-12-5 1,2-Dichloropropane 78-87-5
Iron 7435-89-6 cis-1,3-Dichloropropene 542-75-6
Lead 7435-52-1 Di-n-butyi Phthalate 84-74-2
Mangensese 7439-96-5 Di-n-octyl Phthalate 117-84-0
Mercury 7439-97-6 Ethyl Benzene 100-41-4
Nickel 7440-02-0 Fluoranthene 206-44-0
Selenium 7782-49-2 Flourene 86-73-7
Silver 7440-22-4 Indeno(1,2,3-cd)pyrene 193-39-5
Zinc 7440-66-6 Methylene Chioride 75-09-2
Naphthalene 91-20-3
Pesticides VARIOUS
Organic Chemicals CAS No. Phenanthrene 85-01-8
Phenol 108-95-2
Acenaphthylene 208-96-8 Polychlorinated Biphenyls VARIOUS
Anthracene 120-12-7 Pyrene 129-00-0
Benzene 71-43-2 1,1,2,2-Tetrachloroethane 79-34-5
Benzo(a)anthracene 56-55-3 Tetrachloroethene 127-18-4
Benzo(k)fluoranthene 207-08-9 Toluene 108-88-3
Benzo(g,h,i)perylene 191-24-2 1,1,1-Trichlorosthane 71-55-6
Benzo(a)pyrene 50-32-8 1,1,2-Trichloroethane 79-00-5
Bis(2-ethylhexyl)phthalate  117-81-7 Trichloroethene 79-01-6
Bromodichioromethane 75-27-4 Trichlorofluoromethane 75-69-4
Bromoform 75-25-2 Vinyl Chioride 75-01-4
Carbon Tetrachloride 56-23-2 Xylol (commercial grade xylense) 1330-20-7
Chlorobenzene 108-90-7
Chloroform 67-66-3
2-Chloroethyl Vinyi Ether 110-75-8
Chloromethane 74-87-3
Chrysene 218-01-9
Dibenzo(a,h)anthracene 53-70-3
Dibromochioromethane 124-48-1
1,2-Dichlorobenzene 95-50-1
1,3-Dichlorobenzene 541-73-1
Tinker AFB - Soldier Creek 3
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E. History (worker or non-worker injury; complaints from public:; previous

Agency actions):

As part of the overall Air Force Installation Restoration Program
(IRP), Tinker AFB began an investigation of previously used waste
disposal sites in 1981. A basewide sampling program was conducted in
1983. Analytical results from the sampling program detected
trichloroethene in the groundwater. Remedial investigations were
conducted by the Tulsa COE from 1986-1989 to determine the nature and
extent of groundwater contamination in the Building 3001 complex area.
These investigations determined that chromium, in addition to
trichloroethene, were contaminants of concern in the groundwater
underlying Building 3001. On July 22, 1987, the Building 3001 site
and the Soldier Creek site were added to the National Priorities List.

Investigation of possible sediment and surface water contamination of
Soldier Creek began in 1984. Based on the results of sediment
investigations completed in 1984 and 1985, a sediment removal action
was performed on portions of East and West Soldier Creeks in early
1986. Visibly contaminated sediments were removed and disposed in a
hazardous waste landfill. Post-removal sampling and visual inspection
indicated that some contaminants may still be present in the sediments
in Soldier Creek. A storm sewer investigation for Soldier Creek was
completed in October 1989 to determine which storm sewers could
potentially transmit contaminants from the Building 3001 complex area
to Soldier Creek.

Building 3001 has undergone extensive investigations to determine the

nature and extent of contamination at this site. A risk assessment
and a feasibility study have also been completed for this site.

III. SCOPE OF WORK

A. Summary of Previous Site Activities.

Refer to Table 2.

B. Planned Site Activities and Dates.
Phase I Field Activities:

1. Sediment Sampling - Composite and grab sediment samples will be
obtained from 42 sampling locations along Soldier Creek and its
tributaries. Samples will be analyzed for VOCs, BNAs, metals,
and cyanide as well as physical parameters.

Tinker AFB - Soldier Creek 4
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2. Surface Water Sampling - Composite and grab samples will be
obtained at 42 sampling locations along Soldier Creek and its
tributaries. Samples will be analyzed for VOCs, BNAs, metals,
and cyanide as well as water quality parameters.

3. Off-base Groundwater Sampling - Groundwater samples will be
obtained from four off-base private residential wells. Samples
will be analyzed for VOCs, BNAs, metals (total and dissolved),
and cyanide.

4. Surface Water Flow Measurement - Measurements of stream velocity
and cross-sectional area will be made at each surface water
sampling location and at 500 foot intervals along Soldier Creek
from approximately East Reno Avenue to its headwaters just north
of Southeast 59th Street.

5. Field Survey - A visual, walking survey of Soldier Creek and its
tributaries emanating from Tinker AFB will be conducted to
identify and measure all outfalls and storm drains which enter
Soldier Creek. A field ground survey will be conducted to
establish the stream bed profile at each 100 foot station and at
each sampling location and to locate outfalls and storm drains.

6. RI-Derived Waste Disposal - This will include all activities to
properly dispose of wastes generated during the Phase I field
investigation.

Dates: April through June 1990.

C. Number of People on Site.

Potentially six to seven BVWST employees and subcontractor personnel
throughout RI activities; at least two people at any one time.

D. Number of Days to Complete Work.

Forty-five to sixty calendar days for the Phase I Field Investigation.

IV. WASTE CHARACTERISTICS
A. Waste Type(s)
Liquid Solid Sludge

Gas Other Contaminated groundwater, surface
water, and sediment

Tinker AFB - Soldier Creek 7
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B. Waste Characteristics

Corrosive Ignitable Radioactive
Volatile X Toxic X Reactive
Unknown Other (Name) Carcinogenic

V. HAZARD EVALUATION

A. Chemical Hazards

Respiratory Hazards:

o Volatile organic compounds (including 1,4-dichlorobenzene;
t-1,2-DCE; PCE; TCE).

0 Cadmium dust.
0 Chromium metal and insoluble salts.
o Copper dust.

Dermal Hazards:

o] Volatile organic compounds (including 1,2-dichlorobenzene;
1,4-dichlorobenzene; t-1,2-DCE; TCE).

o Soluble chromic and chromous salts.

o Cyanides.

Table 3 presents physical characteristics and hazards associated with
the identified contaminants of concern. Additional information
(Occupational Health Guidelines) on selected chemicals can be found in

Appendix B. Occupational Health Guidelines for the contaminants
marked with an asterisk (*) are not available.

B. Physical Hazards

Slips, trips, and falls; poisonous snakes; quick muck; obstacles in
creek; loose footing in creek; excessive algal growth on creek bottom.

Tinker AFB - Soldier Creek 8
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c. Hazards Posed by Site Activities

Slips, trips, and falls associated with sampling, especially in the
creek. Physical contact with contaminated groundwater, surface water,
or sediment. Heat stress associated with field activities performed
while wearing protective clothing.

D. Unusual Hazards

Potential for waders to fill with creek water during sampling. Some
landowners may object to sampling teams on their property. Tinker AFB
should obtain permission from landowners before sampling. Precautions
should be taken to avoid vicious dogs that may be present in
landowners’ backyards.

E. Overall Hazard Level

Low to Moderate: Potential risk of contact with contaminated surface
water greater since samplers must enter stream; waders are difficult
to work in and potentially dangerous if they fill with water.

VI. PROCEDURES

A. Training Requirements

All personnel who will be engaged in hazardous waste operations must
present, to the Site Safety Coordinator, certification of completion,
within the 12 months prior to the beginning of site activities, of a
hazardous waste site investigation training course or refresher
course. The training must comply with OSHA regulations found at 29
CFR 1910.120 et. seq. The certification must be presented before site
activities begin. Site specific safety training must be conducted for
every person (workers and visitors) at the site before they are
allowed onto the site.

B. Medical Monitoring Requirements

All personnel who will be engaged in hazardous waste operations must
present to the Site Safety Coordinator certification of completion of
a comprehensive medical monitoring examination within the 12 months
prior to the beginning of site activities. The examination must
comply with OSHA regulations found at 29 CFR 1910.120 et. seq. The
certification must be signed by a medical doctor and indicate any work
limitations placed on the individual. The certification also must
specify that the individual is capable of working while wearing
respiratory protective equipment. The certification must be presented
before site activities begin.

Tinker AFB - Soldier Creek 17
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C. Personnel Protective Equipment

Off-base Sampling and Survey Activities

Level of Protection: Modified Level D

Personnel Protective Equipment:
Cotton coveralls
Neoprene steel toe/shank boots
Disposable latex surgeon inner gloves
Nitrile rubber outer gloves

Additional Personnel Protective Equipment Based on Activity:
Any team member entering the stream bed will wear Saranex Tyvek
coveralls and hip or chest waders. Lifelines will be used, and
life preservers will be readily available.

Level of Protection: Level C
Additional Personnel Protective Equipment:
Fullface, air-purifying respirator with GMC-H Cartridges
or equivalent (changed at a minimum of every four hours).
Hooded Saranex Tyvek coveralls for team members entering stream
bed.

Upgrade to Level C is to be based on the action levels listed below.

On-base Sampling and Survey Activities

Level of Protection: Modified Level D

Personnel Protective Equipment:
Tyvek coveralls
Neoprene steel toe/shank boots
Disposable latex surgeon inner gloves
Nitrile rubber outer gloves

Additional Modifications: Team members entering the stream bed will
wear disposal latex butyl boot covers, or hip waders during on-base
sampling and survey activities depending on creek conditions.

Lifelines and life preservers will be used if stream depths warrant.

Level of Protection: Level C

Additional Personnel Protective Equipment:
Fullface, air-purifying respirator with GMC-H Cartridges
or equivalent (changed at a minimum of every four hours).
Hooded Tyvek coveralls.
Hooded Saranex Tyvek coveralls for team members entering stream
bed.

Upgrade to Level C is to be based on the action levels listed below.
Tinker AFB - Soldier Creek 18
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Action Levels

Instrument Reading Action

OVA or HNU Background Level D

(organic vapors)
Up to 5 ppm above Level C with appropriate
background cartridges.
Greater than 5 ppm Evacuate site. Take
above background another reading in

15 minutes. If level
persists contact BVWST
Health and Safety Manager
(HSM) and advise BVWST
Project Manager (PM).

Radiation Meter Background Continue activities.

Greater than background Evacuate and advise
BVWST PM.

Draeger Tube (CN) Any indication Evaluate site and
consult BVWST HSM.

Draeger Tube Species dependent Consult BVWST HSM.
(other species)

Monitoring Requirements

Ambient air monitoring will be conducted continuously while site
activities are in progress. Monitoring instruments will include the
following:

0 HNU (PID) or OVA (FID) for organic vapors.
o} Radiation detector.
o Draeger pump and tubes for cyanide (other species as required).

The Site Safety Coordinator will take instrument readings every 15
minutes and record significant changes. The instrument readings will
be recorded in a bound, permanent logbook maintained by the Site
Safety Coordinator. Upgrade/downgrade decisions will be based on
monitoring results in the breathing zone and the action levels listed
above. Calibration and maintenance of monitoring equipment will be
the responsibility of the Site Safety Coordinator and will be
conducted in accordance with manufacturer’s requirements as listed in
the appropriate manual. Site workers are to be monitored for heat
stress if working conditions warrant it and at the discretion of the
Site Safety Coordinator.

Tinker AFB - Soldier Creek 19
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D. Site Organization and Control

Map/Sketch Attached? Yes (Figure 1) Site Secured? No

Perimeter Identified? Yes (Figure 1)

Zone(s) of Contamination Identified? No - Verbal description
provided.

An area of 5 to 30 feet on either side of the creek, depending on site
conditions, will be the designated the Exclusion Zone. The corners
will be staked, and the Site Safety Coordinator will define the
boundaries with surveyor's tape prior to sampling. Exact zone
boundaries will be selected at the discretion of the Site Safety
Coordinator since surface details at the various sampling locations
are likely to differ. A record of every person entering or exiting
the site (workers and visitors) will be kept in a bound, permanent
logbook maintained by the Site Safety Coordinator.

Entry into and exit from the Exclusion Zone for all personnel and
equipment will be made through the Contamination Reduction Zone.
Equipment and personnel washing facilities and a fire extinguisher
will be provided in the Contamination Reduction Zone. The Site Safety
Coordinator will be responsible for set up of the personnel and
equipment washing facilities in the Contamination Reduction Zone.
Personnel will make a final check of their protective equipment in the
Contamination Reduction Zone before entering the Exclusion Zone.
Personnel departing the Exclusion Zone will decontaminate their
sampling equipment, monitoring equipment, and themselves before
entering the Support Zone.

The Support Zone will include equipment staging and storage, break,
and lunch areas. Emergency telephone numbers, directions to the
hospital, and the Site Safety Plan will be posted in the Support Zone.
A first aid kit will also be located in the Support Zone. An
emergency vehicle will be parked just outside the Support Zone in the
direction of the hospital.

All on-base sampling will be coordinated with the Tinker AFB Ground
Safety Coordinator and safety briefings will be coordinated with the
Tinker AFB Safety Office.

Sediment and surface water sampling will start at sampling locations
downstream of Tinker AFB and move in an upstream direction to prevent
cross contamination of samples.
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E. Team Organization

Team Member Responsibility

To Be Determined Field Team Leader

To Be Determined Site Safety Coordinator
F. Initial Procedures

o Locate nearest available telephone.

o Confirm and post emergency telephone numbers and route to
hospital.

o Designate at least one vehicle for emergency use.

o Determine prevailing wind location, establish preliminary work
zones (support area, contamination reduction area, exclusion
area).

o Perform initial site reconnaissance for RI.

o Hold safety briefing for all participants before work begins.

Safety meetings will be conducted at the minimum of once per week
and documented for all workers.

G. Work Limitations
o No eating, drinking, or smoking on-site.
o} No contact lenses to be worn on-site.

o Work restricted to daylight hours only.

o} Buddy system in use at all times in exclusion zone.

o BVWST personnel to wear TLD badges at all times when on or near
the site.

o Work to stop during thunderstorms or electrical storms.

o No facial hair that would interfere with respirator fit.

o Continuous air monitoring to occur while site activities are in
progress.
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Decontamination Procedures

For Personnel: Remove booties, dispose; remove outer gloves, dispose;
remove APR; remove Tyvek coveralls, dispose; remove inner gloves,
dispose; wash face and hands; remove boots. Sanitize APR or face
piece after each daily use.

For Monitoring Equipment: Prevent monitoring equipment contamination
by wrapping them or placing them in plastic bags or Visqueen. Dispose
of plastic bags or Visqueen after use.

For Sampling Equipment: Equipment will be washed in a wash tub
containing an Alconox solution and rinsed with deionized water over
that tub. If oily materials are encountered during sampling,
equipment will also be rinsed with a 95 percent ethyl alcohol
solution, followed by a second deionized water rinse.

Disposal Procedures

Contaminated Liquids: Dispose in a 55-gallon DOT approved drum.

Contaminated Clothing: Dispose in a 55-gallon DOT approved drum.

Safety Equipment

Fire extinguisher - 10 1b. ABC type.

Eye-wash kits.

First aid kits meeting the provisions of 29 CFR 1926.50 (OSHA).
Blanket.

C O o0 o

VII. EMERGENCY INFORMATION
A. Emergency Routes

The route to Midwest City Regional Hospital is dependent on which
portion of the Soldier Creek site sampling activities are occurring.
From the southern-most portion of the Soldier Creek site to Midwest
City Regional Hospital: go to North Douglas Blvd.; continue north on
North Douglas Blvd. until East Reno Ave.; turn left onto East Reno
Ave. and continue west for approximately 2.4 miles; turn right onto
Parklawn and continue north for approximately 0.4 miles; the hospital
entrance is on the right.

Tinker AFB - Soldier Creek 22
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The route to the Base Medical Facilities from Gate 20 or 21 is as
follows: Enter Gate 20 or 21 from Douglas Boulevard and continue west
for approximately 0.25 mile; turn right onto East Drive and continue
north for approximately 1 mile; turn left onto Perimeter Drive and
travel west for approximately 0.5 mile to "A" Avenue; turn left and
continue south on "A" Avenue for approximately 0.25 mile until it
curves west into 2nd Street; continue west on 2nd Street for
approximately 1 mile; after passing Patrol Road, 2nd Street turns into
Arnold Street; continue west on Arnold Street approximately 1 mile to
the Base Medical Facilities. The route to the hospital from Gate 7
would be the same as from Gate 20 or 21 after entering Gate 7 and
traveling south for less than 0.25 mile to Perimeter Drive and turning
right.

The locations of the hospitals are shown on Figure 2.
The Site Safety Coordinator is to have an Oklahoma City map on-site at

all times to locate the quickest, most direct route from the sampling
team location to the hospitals, in case of an emergency.

B. Contingency Plan

1. Pre-Emergency Planning

The Field Team Leader or Site Safety Coordinator will contact the
local hospital emergency room, poison control center, police
department, fire department, ambulance, and other emergency
services before field activities begin. The Field Team Leader or
Site Safety Coordinator will inform the hospital emergency room
and ambulance service of probable emergencies and fill out
insurance information at the hospital prior to the start of the
RI. This will assist local personnel in being prepared should an
emergency arise during the investigation.

Before the investigation begins, the Site Safety Coordinator will
hold a site briefing. All members of the investigation team will
attend this meeting. During this meeting, the Site Safety
Coordinator will discuss personnel safety equipment use,
maintenance, and limitations; accident prevention procedures;
accident response procedures; accident reporting procedures; and
decontamination procedures. Questions about the project will be
answered and the Health and Safety Plan Certification will be
signed by all team members during the initial briefing. The Site
Safety Coordinator will also hold a similar meeting with
individuals who later become a part of the investigation team
before they take part in investigation activities. Subsequent
periodic briefings will be held at a minimum of once per week
throughout the course of the investigation. Unsafe practices
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which are noted during the investigation, changes in site
conditions which require modification of the Health and Safety
Plan or other safety issues will be discussed during these
briefings.

Personnel Roles, Lines of Authority, Training and Communication

The Site Safety Coordinator will be responsible for all decisions
relating to site safety. This will include overseeing air and
cold stress monitoring, as well as establishing appropriate
levels of personnel protection and work schedules for the
investigation. The Site Safety Coordinator will ensure that all
participants conduct their work in accordance with the Health and
Safety Plan and applicable safety rules, and will direct any
assigned employee to leave the site if the employee fails to
observe safety requirements or in any way creates a safety
hazard.

Emergency Prevention and Recognition

Emergency prevention and recognition measures include air
monitoring activities, cold stress monitoring, and recognition of
hazards by the team members, and cold stress monitoring are
discussed in Section VI.

All employees will be directed to avoid contact with contaminated
substances. This will include avoiding walking through pools,
puddles, mud, etc., and avoiding kneeling or sitting on the
ground, or leaning or sitting on drums or equipment.

All employees will be directed to bring to the attention of the
Site Safety Coordinator and Field Team Leader any unsafe
condition, practice, or circumstance associated with or resulting
from the remedial investigation.

Safe Distances and Places of Refuge

The storage tanks represent an unusual hazard at the Kem-Pest
gite. The proposed contamination reduction and support areas
will be located approximately 135 feet upwind from the storage
tanks, in order to provide a safe distance and place of refuge.

Site Organization and Control

Site organization and control are discussed in Section VI.D.

Evacuation Routes

The preferred evacuation route is via the Tinker AFB gates shown
on Figure 2. The emergency route to the hospital will be posted
in the Support Area and taped to the dashboard of the emergency
vehicle.

ldier Creek 24
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Decontamination

Decontamination procedures are specified in Section VI.H. 1In the
event of an emergency, limited personnel decontamination will be
conducted, if possible, but not if time is critical in obtaining
medical assistance.

Emergency Medical Treatment and First Aid

All team members will have been trained as specified in Section
VI.A. At least two members of the team will be certified in CPR
and First Aid.

Emergency Alerting and Response Procedures

In cases of immediate hazard to employees or the public,
employees on the scene will take all practicable steps to
eliminate, neutralize, or avoid the hazard. This may include
leaving the site. Follow-up consultation with the Field Team
Leader, Site Safety Coordinator, and BVWST Health and Safety
Manager will be made at the first opportunity. In such
circumstances, the Field Team Leader will take the steps
necessary to ensure that the investigation is completed safely.
These steps may include changes in field procedures, removal or
neutralization of a hazard, consultation with appropriate
experts, or use of specialists. All such actions will be
coordinated with and approved by the BVWST Health and Safety
Manager.

In cases where the hazard is not immediate, the employee will
consult the BVWST Health and Safety Manager regarding appropriate
corrective measures.

In the event that any member of the party experiences any adverse
effects or symptoms of exposure while on-site, the entire party
will immediately leave the site and seek appropriate medical aid.
Those on-site will evacuate the site through the access gate west
of the building. The Site Safety Coordinator will be in charge
of health and safety measures. If he is not present or is
injured, the Field Team Leader will be in charge.

In the event that any member of the party is overcome,
incapacitated, or traumatically injured while on-site, the
remaining members will immediately don appropriate protective
equipment (at least one level above the level of personnel
protection of the victim) and make reasonable efforts to rescue
the affected person.
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Once removed from the site, the affected person will not be left
unattended, and medical assistance will be summoned. TIf it is
necessary to drive the victim to the hospital, two field
personnel will accompany the victim. One other person from the
field crew will be designated by the Site Safety Coordinator to
call ahead to the emergency room and to provide information on
the accident before the victim arrives. If the Site Safety
Coordinator is injured, the Field Team Leader will call ahead to
the hospital.

When it is determined that the problem was due to chemical
exposure, all members of the party exposed to those chemicals
will proceed expeditiously, in a group, to the hospital. In
those cases where personal contamination has occurred, all
persons involved will make every reasonable effort to
decontaminate themselves to minimize spreading of contaminants.

Procedures for Emergencies Posing An Immediate Threat to Life,
Limb, or Health of One or More Personnel in the Exclusion Area

Examples: explosion, excessive smoke, fire, excessive
concentrations of organic contaminants, equipment
accident, person unconscious, nausea, dizziness, safety
or protective equipment malfunction.

1) Person involved in or witnessing accident or other
threatening situation will activate his personal alarm horn
immediately.

2) Injured persons’ partners or other personnel close to them
will lend assistance. Personnel will not unduly jeopardize
their own lives to assist an injured person. The injured
person will be moved only when necessary to avoid further
hazards.

3) All activity in the Exclusion Area will cease and personnel
not involved in providing assistance to injured or
endangered personnel will depart to the Support Area.

4) The Site Safety Coordinator will immediately call the proper
authorities (ambulance, fire, police, poison control center,
rescue teams, etc.). If the Site Safety Coordinator is
injured or absent, the Field Team Leader will call the
proper authorities.

5) Personnel will not reenter the Exclusion Area until allowed
by the Field Team Leader. The Field Team Leader will assess
the nature of the emergency and correct the matter before
allowing reentry.

6) A complete written report of the incident will be made by
the injured personnel and the Field Team Leader.
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Procedures for Minor Accidents in the Exclusion Area

Examples: sprains, small cuts or scrapes, equipment malfunction.

1) Person involved will initiate the appropriate corrective
procedures.

2) Person injured will cease his work, notify partner, and exit
with the partner to the Contamination Reduction Area and
obtain adequate medical attention.

Procedures for Emergencies Posing an Immediate Threat to Life,
Limb, or Health of One or More Personnel in the Contamination
Reduction or Support Area

1) Persons at the scene will lend assistance and perform the
necessary first aid, CPR, etc.

2) The Site Safety Coordinator will immediately call the proper
authorities (ambulance, fire, police, poison control center,
rescue teams, etc.). If the Site Safety Coordinator is
injured or absent, the Field Team Leader will call the
proper authorities.

3) Personnel in the Exclusion Area will be signaled to depart
the site if they could be affected by the accident.

4) A complete written report of the incident will be made by
the injured personnel and the Field Team Leader.

Procedures for Minor Accidents in the Contamination Reduction or
Support Area

The person involved will initiate the appropriate corrective
measures and obtain adequate medical attention.

Follow-up

In order to comply with federal and state laws concerning
workers' compensation and insurance coverage, all accidents will
be reported immediately to the BVWST Workers'’ Compensation
Administrator, Diane S. Mettenbrink (913/339-8561). The BVWST
Health and Safety Manager will be notified immediately so that
corrective actions can be implemented. In addition, the EPA RPM
will be notified. If immediate notification is not possible, the
accident will be reported within 24 hours of occurrence.

Injuries and property damage will be reported to the Tinker AFB
Safety Office as soon as possible after the occurrence.
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An injury or accident report form will also be completed and sent
to the BVWST Controller, G.F. Cockrell (A-1, Kansas City).

11. PPE and Emergency Equipment

PPE and emergency equipment are specified in Sections VI.C. and
VI.J.

cC. Emergency Contacts (BVWST)

1. Raul E. Filardi/Assistant Project Manager
Phone: 913/339-8816 (w)
913/888-5792 (h)

2. Dr. George A. Carson/BVWST Health and Safety Manager
Phone: 913/339-8847 (w)
913/782-7688 (h)

3. Dr. Eugene Welter, MD/Business & Industry Health Group
Phone: 913/894-6600 (w)

4, Diane S. Mettenbrink/Workman’'s Compensation Administrator
Phone: 913/339-3313 (w)

D. Local Emergency Contacts
1. Fire (40S5) 739-1341 or 911
2. Police (405) 739-1300 or 911
3. Ambulance (405) 733-1414 or 911
4, Hospital (405) 737-4411 (Midwest City Regional Hospital)

VIII. PLAN PREPARATION

PREPARED BY: B.L. Anderson Date: 11/13/89
REVISED BY: B.L. Anderson Date: 02/20/90
REVIEWED BY: Date:

(Project Manager)

APPROVED BY: Date:
(BVWST HSM)
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NOTICE

This health and safety plan is produced for the use of BVWST on the specific
Project indicated herein. This safety plan is not intended or represented to be
suitable for use by others on the Project, or for reuse on extensions of the
Project, or for use on any other project. Any use without written verification
or adaptation by BVWST will be at the user’s sole risk and without liability or
legal exposure to BVWST.

IX. PLAN DISTRIBUTION

Suzette Turner/Tulsa COE George A. Carson/BVWST
Vernon M. Reid/BVWST Site Safety Coordinator(s)/BVWST
Raul E. Filardi/BVWST All On-site Personnel
Janet S. Walstrom/BVWST Central Project File
Tinker AFB - Soldier Creek 29
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X. CERTIFICATIONS
(Note: This page should be retained by the Site Safety Coordinator and
incorporated into the project file.)
By my signature, I certify that:
1. I have read,
2. I understand, and
3. I will abide by

the Health and Safety Plan for the Tinker AFB - Soldier Creek site.

Printed Name Signature Date Affiliation
Tinker AFB - Soldier Creek 30
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Occupational Health Guidelines (HHS, 1978) are provided in this appendix
for the following selected contaminants of concern:

Inorganic Chemicals

Soluble Barium compounds (as Barium)

Cadmium Dust (as Cadmium)

Cadmium Fume

Chromium Metal and Insoluble Chromium Salts
Soluble Chromic and Chromous Salts (as Chromium)
Copper Dusts and Mists

Copper Fume

Cyanide

Iron Oxide Fume

Manganese

Inorganic Mercury

Nickel Metal and Soluble Nickel Compounds
Selenium and Its Inorganic Compounds (as Selenium)
Silver Metal and Soluble Silver Compounds

Zinc Oxide Fume

Organic Chemicals

Benzene

Bromoform

Carbon Tetrachloride
Chlorobenzene
Chloroform
o-Dichlorobenzene
p-Dichlorobenzene
1,1-Dichloroethane
1,2-Dichloroethylene
Propylene Dichloride
Ethyl Benzene
Methylene Chloride
Napthalene

Phenol
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,2-Trichloroethane
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Occupational Health Guideline for
Soluble Barium Compounds (as Barium)

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all soluble barium compounds. Physical and
chemical properties of several specific compounds are
provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Barium nitrate

* Formula: Ba(NO,),
¢ Synonyms: None
* Appearance and odor: Odorless white solid.

Barium oxide

* Formula: BaO
¢ Synonyms: None
* Appearance and odor: Odorless white solid.

Barium carbonate

¢ Formula: BaCO,
¢ Synonyms: None
* Appearance and odor: Odorless white solid.

Barium chioride

* Formula: BaCl,
* Synonyms: None
* Appearance and odor: Odorless white solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for soluble barium com-
pounds is 0.5 milligram of soluble barium compounds
per cubic meter of air (mg/m?) averaged over an eight-
hour work shift.

HEALTH HAZARD INFORMATION

* Routes of exposure

Soluble barium compounds can affect the body if they
are inhaled or if they come in contact with the eyes or
skin. They can also affect the body if they are swal-
lowed.

* Effects of overexposure

1. Short-term Exposure: Soluble barium compounds may
cause local irritation of the eyes, nose, throat, bronchial
tubes, and skin. Soluble barium compounds may also
cause severe stomach pains, slow pulse rate, irregular
heart beat, ringing of the ears, dizziness, convulsions,
and muscle spasms. Death may occur.

2. Long-term Exposure: None known

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to soluble
barium compounds.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to soluble
barium compounds at potentially hazardous levels:

L. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the heart, lungs, and nervous system should be
stressed. The skin should be examined for evidence of
chronic disorders.

—14” x 17" chest roentgenogram: Soluble barium
compounds cause human lung damage. Surveillance of
the lungs is indicated.

These recommendations reftect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational heaith program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Health

September 1978

U.S. DEPARTMENT OF LABOR
Occupational Safety and Heaith Administration
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and suspects that they are caused by exposure to soluble
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The following medical procedures should be made
available to each employee who is exposed to soluble
barium compounds at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the heart, lungs, and nervous system should be
stressed. The skin should be examined for evidence of
chronic disorders.
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—FVC and FEV (1 sec): Soluble barium compounds
are respiratory irritants. Persons with impaired pulmon-
ary function may be at increased risk from exposure.
Periodic surveillance is indicated.

—Electrocardiogram: Barium compounds may cause
cardiac arrhythmias and may have a direct effect on the
cardiac muscle. Periodic surveillance of the heart is
indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is necessary only when
indicated by the results of pulmonary function testing,
or by signs and symptoms of respiratory disease.

* Summary of toxicology

Soluble barium salts cause severe gastroenteritis and
systemic effects by ingestion. Intravenous injection of
barium compounds in animals causes a strong, pro-
longed stimulation of muscle resulting in hyperperistal-
sts, bladder contraction, vasoconstriction, and irregular
contraction of the heart followed by arrest in systole.
Animals also exhibit stimulation of the central nervous
system followed by paralysis. Ingestion of barium car-
bonate by humans causes gastroenteritis, muscular pa-
ralysis, slow pulse rate, extrasystoles, and hypokalemia.
Heavy industrial exposure to dusts of barium sulfate or
barium oxides may produce a benign pneumoconiosis,
termed baritosis. It results in no impairment of ventila-
tory function, although signs of mild bronchial irritation
may occur. Characteristic x-ray changes are those of
small, dense, circumscribed nodules evenly distributed
throughout the lung fields, reflecting the radio-opacity
of the barium dust. Bronchial irritation has been report-
ed from the inhalation of barium carbonate dust. Barium
hydroxide and barium oxide are strongly alkaline in
aqueous solution, causing severe burns of the eye and
irritation of the skin.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Barium nitrate

1. Molecular weight: 261.4

2. Boiling point (760 mm Hg): Greater than 592 C
(greater than 1098 F) (decomposes)

3. Specific gravity (water = 1): 3.24

4. Vapor density (air = 1 at boiling point of barium
nitrate): Not applicable

5. Melting point: 592 C (1098 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
9.2

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data~—Barium oxide

1. Molecular weight: 153.3

2. Boiling point (760 mm Hg): 2000 C (3632 F)

3. Specific gravity (water = 1): 5.72

4. Vapor density (air = 1 at boiling point of barium
oxide): Not applicable

5. Melting point: 1921 C (3490 F)

2 Soluble Barium Compounds (as Barium)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Reacts

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Barium carbonate

1. Molecular weight: 197.3

2. Boiling point (760 mm Hg): 1300 C (2372 F)
(decomposes)

3. Specific gravity (water = 1): 4.25

4. Vapor density (air = 1 at boiling point of barium
carbonate): Not applicable

5. Melting point: Decomposes at 1300 C 2372 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0022

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Physical data—Barium chloride

L. Molecular weight: 208.3

2. Boiling point (760 mm Hg): 1560 C {2840 F)

3. Specific gravity (water = 1): 3.86

4. Vapor density (air = ! at boiling point of barium
chloride): Not applicable

5. Melting point: 963 C (1765 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F)-
36

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: For barium
nitrate, elevated temperatures may cause melting and
decomposition; for the other compounds, none hazard-
ous.

2. Incompatibilities: Contact of barium oxide with
water, carbon dioxide, or hydrogen sulfide may cause
fires and explosions. Contact of barium carbonate with
acids causes formation of carbon dioxide gas that may
cause suffocation in enclosed spaces. Contact of barium
nitrate with organic matter and combustible materials
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as oxides of nitrogen and carhon
monoxide) may be released in a fire involving barium
nitrate.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Autoignition temperature: For barium nitrate, data
not available; for the the other compounds, not applica-
ble.

3. Flammable limits in air, % by volume: Not appli-
cable

4. Extinguishant: Large amounts of water should be
used on adjacent fires.

* Warning properties
According to Grant, barium chloride causes “consider-
able iritis, which subsides in a few days” when “tested

September 1978
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termed baritosis. It results in no impairment of ventila-
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6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Reacts

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Physical data—Barium carbonate

1. Molecular weight: 197.3

2. Boiling point (760 mm Hg): 1300 C (2372 B
(decomposes)

3. Specific gravity (water = 1): 4.25

4. Vapor density (air = 1 at boiling point of barium
carbonate): Not applicable
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6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0022
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* Physical data—Barium chioride
- Molecular weight: 208.3
. Boiling point (760 mm Hg): 1560 C (2840 F)
. Specific gravity (water = 1): 3.86
- Vapor density (air = | at boiling point of barium
chloride): Not applicable

5. Melting point: 963 C (1765 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 -
36

8. Evaporation rate (butyl acetate = 1): Not applica-
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* Reactivity

I. Conditions contributing to instability: For barium
nitrate, eievated temperatures may cause melting and
decomposition; for the other compounds, none hazard-
ous.

2. Incompatibilities: Contact of barium oxide with
water, carbon dioxide, or hydrogen sulfide may cause
tires and explosions. Contact of barium carbonate with
acids causes formation of carbon dioxide gas that may
cause suffocation in enclosed spaces. Contact of barium
nitrate with organic matter and combustible materials
may cause fires and explosions.

3. Hazardous decomposition products: Toxic gases
and vapors (such as oxides of nitrogen and carhon
monoxide) may be released in a fire involving barium
nitrate.

4. Special precautions: None
* Flammability

I. Flash point: Not applicable

2. Autoignition temperature: For barium nitrate, data
not available; for the the other compounds, not applica-
bie.

3. Flammable limits in air, % by volume: Not appli-
cable

4. Extinguishant: Large amounts of water should be
used on adjacent fires.

* Warning properties
According to Grant, barium chloride causes “consider-
able iritis, which subsides in a few days” when ‘““tested
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in neutral 0.08 to 0.1 M solution on rabbit eyes by
injection into the cornea or by dropping for 10 minutes
on the eye after the corneal epithelium was removed to
facilitate penetration.” Grant states that “both the oxide
and hydroxide are capable of causing severe alkali burns
of the eye, similar to those produced by calcium hy-
droxide.”

MONITORING AND MEASUREMENT
PROCEDURES

¢ General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Method

Sampling and analyses may be performed by collection
on a cellulose membrane filter followed by leaching in
hot water, solution of sample in acid, and analysis in an
atomic absorption spectrophotometer. An analytical
method for soluble barium compounds is in the N/OSH
Manual of Analytical Methods, 2nd Ed., Vol. 3, 1977,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
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necessary to prevent repeated or prolonged skin contact
with barium carbonate, barium chloride, barium nitrate,
or liquids containing these compounds.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent skin contact with barium oxide or
liquids containing barium oxide, where skin contact
may occur.

* If employees’ clothing has had any possibility of
being contaminated with barium carbonate, barium
chloride, barium nitrate, barium oxide, or liquids con-
taining these compounds, employees should change tnto
uncontaminated clothing before leaving the work prem-
ises.

* Clothing contaminated with barium carbonate.
barium chloride, barium nitrate, or barium oxide should
be placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
contaminant from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the contami-
nant, the person performing the operation should be
informed of contaminant’s hazardous properties.

* Where exposure of an employee’s body to barium
oxide or liquids containing barium oxide may occur.
facilities for quick drenching of the body should be
provided within the immediate work area for emergen-
Cy use.

* Non-impervious clothing which becomes contami-
nated with barium carbonate, barium chloride, barium
nitrate, or barium oxide should be removed promptly
and not reworn until the contaminant is removed from
the clothing. .

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of barium oxide or liquids containing
barium oxide contacting the eyes.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where barium
carbonate, barium chloride, barium nitrate. or liquids
containing these compounds may contact the eves,
* Where there is any possibility that employees’ eyes
may be exposed to barium oxide or liquids containing
barium oxide, an eye-wash fountain should be provided
within the immediate work area for emergency use.

SANITATION

* Workers subject to skin contact with barium oxide or
liquids containing barium oxide should wash any areuas
of the body which may have contacted barium oxide at
the end of each work day.

* Skin that becomes contaminated with barium carbon-
ate. barium chloride, or barium nitrate should be
promptly washed or showered to remove any contami-
nant. In the case of barium carbonate, employees should
use soap or mild detergent and water for washing
purposes.
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in neutral 0.08 to 0.1 M solution on rabbit eves by
injection into the cornea or by dropping for 10 minutes
on the eye after the corneal epithelium was removed to
facilitate penetration.” Grant states that “both the oxide
and hydroxide are capable of causing severe alkali burns
of the eye, similar to those produced by calcium hy-
droxide.”

MONITORING AND MEASUREMENT
PROCEDURES

¢ General

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Method

Sampling and analyses may be performed by collection
on a cellulose membrane filter followed by leaching in
hot water, solution of sample in acid, and analysis in an
atomic absorption spectrophotometer. An analytical
method for soluble barium compounds is in the N/OSH
Manual of Analytical Methods, 2nd Ed., Vol. 3, 1977,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

¢ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
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necessary to prevent repeated or prolonged skin contact
with bartum carbonate, barium chloride, barium nitrate,
or liquids containing these compounds.

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent skin contact with barium oxide or
liquids containing barium oxide, where skin contact
may occur.

¢ If employees’ clothing has had any possibility of
being contaminated with barium carbonate, barium
chloride, barium nitrate, barium oxide, or liquids con-
taining these compounds, employees should change into
uncontaminated clothing before leaving the work prem-
ises.

* Clothing contaminated with barium carbonate,
barium chloride, barium nitrate, or barium oxide should
be placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
contaminant from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the contami-
nant, the person performing the operation should be
informed of contaminant’s hazardous properties.

* Where exposure of an employee’s body to barium
oxide or liquids containing barium oxide may occur,
facilities for quick drenching of the body should be
provided within the immediate work area for emergen-
Ccy use.

* Non-impervious clothing which becomes contami-
nated with barium carbonate, barium chloride, barium
nitrate, or barium oxide should be removed promptly
and not reworn until the contaminant is removed from
the clothing. .

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of barium oxide or liquids containing
barium oxide contacting the eyes.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where barium
carbonate, barium chloride, barium nitrate, or liquids
containing these compounds may contact the eves.
* Where there is any possibility that employees’ eyes
may be exposed to barium oxide or liquids containing
barium oxide, an eye-wash fountain should be provided
within the immediate work area for emergency use.

SANITATION

* Workers subject to skin contact with barium oxide or
liquids containing barium oxide should wash any areas
of the body which may have contacted barium oxide at
the end of each work day.

¢ Skin that becomes contaminated with barium carbon-
ate, barium chloride, or barium nitrate should be
promptly washed or showered to remove any contami-
nant. In the case of barium carbonate, employees should
use soap or mild detergent and water for washing
purposes.
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* Skin that becomes contaminated with barium oxide
should be promptly washed or showered to remove any
barium oxide from the skin after all obvious amounts of
barium oxide have been removed by other means (e.g.,
by use of oil or vaseline). Employees who are being
burned by barium oxide should immediately utilize
quick drenching facilities without first removing barium
oxide by other means.

* Eating and smoking should not be permitted in areas
where solid barium carbonate, barium chloride, barium
nitrate, or barium oxide, or liquids containing these
compounds are handled, processed, or stored.

* Employees who handle barium carbonate, barium
chloride, barium nitrate, barium oxide, or liquids con-
taining these compounds should wash their hands thor-
oughly before eating, smoking, or using toilet facilities.
In the case of barium carbonate, employees should use
soap or mild detergent and water for washing purposes.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to solubie barium compounds may
occur and control methods which may be effective in
each case:

Operation Controis

Process enclosure:
local exhaust ventilation

Manufacture and
distribution of soluble
barium compounds

Use in manufacture of
pressed and blown
glasssware and flint and
crown optical giass;
manufacture of ceramic
products; use in
electronics industry in
manufacture of
magnets, vacuum
tubes, cathodes, x-ray
fluorescent screens, TV
picture tubes, and dry
cell depolarizers

Process enclosure:
local exhaust ventilation

Process enclosure:;
local exhaust ventilation

Use in manufacture of
photographic papers,
dyes, and chemicals

Process enciosure;
local exhaust ventilation

Use as pesticides,
rodenticides, and
disinfectants; use in
manufacture of
explosives, matches,
and pyrotechnics as
igniter compositions
and fireworks

4 Soluble Barium Compounds (as Barium)

Operation

Use as an additive in
manufacture of grease,
and manufacture of
lubricating oils; use in
refining of vegetable
and animal oils

Use in case-hardening
of steel in metallurgy; in
weiding aluminum; in
electroplating; and in
aluminum and sodium
refining

Use in water treatment
and boiler compounds
for softening water: use
as catalysts, analytical
reagents, and purifying
agents

Use for treatment of
textiles, leather, and
rubber; use in
manufacture of paper
and cellulose as a
bleaching agent; use in
manufacture of
pigments, colors, and
lakes

Use as a depilatory in
processing of hides; as
a fire-proof and
extinguishing agent; in
embaiming; in sugar
refining; in gas and
solvent drying; in
marbie substitutes; in
valve manufacture; and
as a smoke
suppressant in diesel
fuels

Use in manufacture of
pigments, paints,
enamels, and printing
inks

Controls

Process enclosure:
local exhaust ventilation

Process enclosure:
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclosure:
local exhaust ventilation

Process enciosure:;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
» Eye Exposure

If solutions of barium compounds get into the eyes,
wash eyes immediately with large amounts of water,
lifting the lower and upper lids occasionally. Get medi-
cal attention immediately. Contact lenses should not be
worn when working with these chemicals.
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* Skin that becomes contaminated with barium oxide
should be promptly washed or showered to remove any
barium oxide from the skin after all obvious amounts of
barium oxide have been removed by other means (e. £,
by use of oil or vaseline). Employees who are being
burned by barium oxide should immediately utilize
quick drenching facilities without first removing barium
oxide by other means.

* Eating and smoking should not be permitted in areas
where solid barium carbonate, barium chloride, barium
nitrate, or barium oxide, or liquids containing these
compounds are handled, processed, or stored.

* Employees who handle barium carbonate, barium
chloride, barium nitrate, barium oxide, or liquids con-
taining these compounds should wash their hands thor-
oughly before eating, smoking, or using toilet facilities.
In the case of barium carbonate, employees should use
soap or mild detergent and water for washing purposes.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to solubie barfum compounds may
occur and controi methods which may be effective in

each case:
Cperation Controis

Process enclosure;
local exhaust ventilation

Manufacture and
distribution of soluble
barium compounds

Use in manufacture of
pressed and blown
glasssware and flint and
crown optical glass;
manufacture of ceramic
products; use in
electronics industry in
manufacture of
magnets, vacuum
tubes, cathodes, x-ray
fluorescent screens, TV
picture tubes, and dry
cell depolarizers

Process enclosure:
local exhaust ventiiation

Use in manufacture of
photographic papers,
dyes, and chemicais

Process enclosure;
local exhaust ventilation

Use as pesticides,
rodenticides, and
disinfectants; use in
manufacture of
explosives, matches,
and pyrotechnics as
igniter compositions
and fireworks

Process enclosure;
local exhaust ventilation

4 Soluble Barium Compounds (as Barium)

Operation

Use as an additive in
manufacture of grease,
and manufacture of
lubricating oils; use in
refining of vegetable
and animal ails

Use in case-hardening
of steel in metallurgy; in
weiding aluminum; in
electroplating; and in
aluminum and sodium
refining

Use in water treatment
and boiler compounds
for softening water: use
as catalysts, analytical
reagents, and purifying
agents

Use for treatment of
textiles, leather, and
rubber; use in
manufacture of paper
and cellulose as a
bleaching agent; use in
manufacture of
pigments, colors, and
lakes

Use as a depilatery in
processing of hides; as
a fire-proof and
extinguishing agent; in
embaiming; in sugar
refining; in gas and
salvent drying; in
marble substitutes; in
valve manufacture; and
as a smoke
suppressant in diesei
fuels

Use in manufacture of
pigments, paints,
enamels, and printing
inks

Controls

Process enclosure:;
local exhaust ventilation

Process enclosure:
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

Process enclasure;
local exhaust ventilation

Process enclosure;
local exhaust ventilation

EMERGENCY FIRST AID PROCEDURES

In the event of an f€mergency, institute first aid proce-
dures and send for first aid or medical assistance.

¢ Eye Exposure

If solutions of barium compounds get into the eyes,
wash eyes immediately with large amounts of water,
lifting the lower and upper lids occasionaily. Get medi-
cal attention immediately. Contact lenses should not be
worn when working with these chemicals.
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¢ Skin Exposure

If solutions of barium compounds get on the skin,
immediately flush the contaminated skin with water. If
solutions of barium compounds soak through the cloth-
ing, remove the clothing immediately and flush the skin
with water. If irritation persists after washing, get
medical attention.

* Breathing

If a person breathes in large amounts of soluble barium
compounds, move the exposed person to fresh air at
once. If breathing has stopped, perform artificial respi-
ration. Keep the affected person warm and at rest. Get
medical attention as soon as possible.

* Swallowing

When soluble barium compounds have been swallowed
and the person is conscious, give the person large
quantities of water immediately. After the water has
been swallowed, try to get the person to vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

* If soluble barium compounds are spilled, the follow-
ing steps should be taken:

1. Ventilate area of spill.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquids containing soluble barium compounds should
be absorbed in vermiculite, dry sand, earth, or a similar
material.

* Waste disposal method:

Soluble barium compounds may be disposed of in sealed
containers in a secured sanitary landfill.
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+ Skin Exposure

If solutions of barium compounds get on the skin,
immediately flush the contaminated skin with water. If
solutions of barium compounds soak through the cloth-
ing, remove the clothing immediately and flush the skin
with water. If irritation persists after washing, get
medical attention.

* Breathing

If a person breathes in large amounts of soluble barium
compounds, move the exposed person to fresh air at
once. If breathing has stopped, perform artificial respi-
ration. Keep the affected person warm and at rest. Get
medical attention as soon as possible.

* Swallowing

When soluble barium compounds have been swallowed
and the person is conscious, give the person large
quantities of water immediately. After the water has
been swallowed, try to get the person to vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

¢ If soluble barium compounds are spilled, the follow-
ing steps should be taken:

1. Ventilate area of spill.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquids containing soluble barium compounds should
be absorbed in vermiculite, dry sand, earth, or a similar
material.

* Waste disposal method:

Soluble barium compounds may be disposed of in sealed
containers in a secured sanitary landfill.
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- RESPIRATORY PROTECTION FOR SOLUBLE BARIUM COMPOUNDS (AS BARIUM)

Condition

Minimum Respiratory Protection*
Required Abave 0.5 mg/m?

Particulate Concentration

2.5 mg/m? or less

Any dust and mist respirator, except single-use.**

5 mg/m3 or less

Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency particulate filter respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

25 mg/m3 or less

A high efficiency particulate filter respirator with a fuil facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

250 mg/m3 or less

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure mode or with a full facepiece, heimet, or hood operated in continuous-
flow mode.

A powered air-purifying respirator with a high efficiency particulate filter.

Greater than 250 mg/ms or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escape A high efficiency particulate filter respirator.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

"*If eye irritation occurs, fuil-facepiece respiratory protective equipment should be used.



RESPIRATORY PROTECTION FOR SOLUBLE BARIUM COMPOUNDS (AS BARIUM)

Condition

Minimum Respiratory Protection*
Required Above 0.5 mg/m3

Particulate Concentration

2.5 mg/m3 or less

Any dust and mist respirator, except singie-use. **

5 mg/m3 or less

Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency particulate fijter respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

25 mg/m3 or less

A high efficiency particulate filter respirator with a fuil facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

250 mg/m3 or less

A Type C supplied-air respirator operated in pressure-demand or cther positive
pressure mode or with a fuil facepiece, helmet, or hood operated in continuous-
flow mode.

A powered air-purifying respirator with a high efficiency particulate filter.

Greater than 250 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a fuil facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Seff-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.
Escage A high efficiency particulate filter respirator.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

"*If eye irritation occurs, full-facepiece respiratory protective equipment should be used.



Occupational Health Guideline for
Cadmium Dust (as Cadmium)*

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all cadmium dust. Physical and chemical
properties of several specific compounds are provided
for illustrative purposes.

SUBSTANCE IDENTIFICATION

Cadmium metal dust

¢ Formula: Cd
* Synonyms: None
* Appearance and odor: Odorless, gray powder.

Cadmium oxide dust

* Formula: CdO

* Synonyms: None

* Appearance and odor: Odorless, brown solid or blue-
black solid.

Cadmium sulfide dust

* Formula: CdS
* Synonyms: Greenockite
* Appearance: Yellow-orange solid.

Cadmium chioride dust

¢ Formula: CdCl,
* Synonyms: None
* Appearance: White solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium dust is 0.2
milligram of cadmium dust per cubic meter of air (mg/
m?) averaged over an eight-hour work shift, with a
ceiling level of 0.6 mg/m?® NIOSH has recommended
that the permissible exposure limit be reduced to 40
micrograms of cadmium per cubic meter of air (ug/m?)
averaged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 200 wug/ms3
averaged over a [5-minute period. The recommenda-
tions in this guideline supplement the recommendations
in the NIOSH Criteria Document for Cadmium, which
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Rcutes of exposure

Cadmium dust can affect the body if it is inhaled. It can
also affect the body if it is swallowed.

* Effects of overexposure

1. Short-term Exposure: Cadmium dust may cause irrita-
tion of the nose and throat. If enough has been inhaled,
after a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur. Ingestion of cadmium
dust may cause nausea, vomiting, diarrhea, and abdomi-
nal cramps.

2. Long-term Exposure: Repeated or prolonged €Xpo-
sure to cadmium dust may cause loss of sense of smell,
ulceration of the nose, shortness of breath (emphyse-
ma), kidney damage, and mild anemia. Exposure to
cadmium has also been reported to cause an increased
incidence of cancer of the prostate in man. Injections of
cadmium sulfate in animals have been reported to cause
malformation in their offspring.

3. Reporting Signs and S ymptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium dust.

* Recommended medical surveillance

These recommendations reflect gocd industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational heaith program. However, they may not be sufficient to achieve comptiance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Health

September 1978

U.S. DEPARTMENT OF LABOR
Occupational Safety and Heaith Administration



Occupational Health Guideline for
Cadmium Dust (as Cadmium)*

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational heaith professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all cadmium dust. Physical and chemical
properties of several specific compounds are provided
for illustrative purposes.

SUBSTANCE IDENTIFICATION

Cadmium metal dust

* Formula: Cd
¢ Synonyms: None
* Appearance and odor: Odorless, gray powder.

Cadmium oxide dust

¢ Formula: CdO

* Synonyms: None

* Appearance and odor: Odorless, brown solid or blue-
black solid.

Cadmium suifide dust

¢ Formula: CdS
* Synonyms: Greenockite
¢ Appearance: Yellow-orange solid.

Cadmium chloride dust

¢ Formula: CdCl,
¢ Synonyms: None
* Appearance: White solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium dust is 0.2
milligram of cadmium dust per cubic meter of air (mg/
m®) averaged over an eight-hour work shift, with a
ceiling level of 0.6 mg/m3. NIOSH has recommended
that the permissible exposure limit be reduced to 40
micrograms of cadmium per cubic meter of air (ng/m?3)
averaged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 200 ©g/m?d
averaged over a 15-minute period. The recommenda-
tions in this guideline supplement the recommendations
in the NIOSH Criteria Document for Cadmium, which
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Rcutes of exposure

Cadmium dust can affect the body if it is inhaled. It can
also affect the body if it is swallowed.

* Effects of overexposure

1. Short-term Exposure: Cadmium dust may cause irrita-
tion of the nose and throat. If enough has been inhaled,
after a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur. Ingestion of cadmium
dust may cause nausea, vomiting, diarrhea, and abdomi-
nal cramps.

2. Long-term Exposure: Repeated or prolonged expo-
sure to cadmium dust may cause loss of sense of smell,
ulceration of the nose, shortness of breath {emphyse-
ma), kidney damage, and mild anemia. Exposure to
cadmium has also been reported to cause an increased
incidence of cancer of the prostate in man. Injections of
cadmium sulfate in animals have been reported to cause
malformation in their offspring.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium dust.

* Recommended medical surveillance

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.
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National Institute for Occupational Safety and Heaith
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The following medical procedures should be made
available to each employee who is exposed to cadmium
dust at potentially hazardous levels:

1. Initial Medical Examination:

—A complete histery and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system, liver, kidneys, pros-
tate, and blood should be stressed.

—Urinalysis: Since kidney damage has been observed
in humans exposed to cadmium, a urinalysis should be
obtained to include, at a minimum, specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment. In addition, the urine should be examined for
low molecular weight proteins by use of 3% sulfosalicy-
lic or other acceptable techniques.

—14” x 17" chest roentgenogram: Cadmium causes
human lung damage. Surveillance of the lungs is indi-
cated.

—Liver function tests: Cadmium may cause liver
damage. A profile of liver function should be obtained
by utilizing a medically acceptabie array of biochemical
tests.

—FVC and FEV (I sec): Cadmium is reported to
cause decreased pulmonary function. Periodic surveil-
lance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is considered necessary only
when indicated by the results of pulmonary function
testing, or by signs and symptoms of respiratory disease.
Urine protein measurements should be made available
every four months.

* Summary of toxicology

Cadmium dust causes both acute and chronic effects. It
is less toxic than cadmium fume, because dust has a
larger particle size than fume; at high concentrations of
the dust, physiologic effects similar to those arising
from fume exposure could be expected. The acute
effects primarily involve the lungs but may also affect
other organ systems. Most acute intoxications have
been caused by inhalation of cadmium fume at concen-
trations which did not provide warning symptoms of
irritation. The average concentrations of fume responsi-
ble for fatalities have been 40 to 50 mg/m? for | hour, or
9 mg/m?* for 5 hours. Non-fatal pneumonitis has been
reported from concentrations of 0.5 to 2.5 mg/m?, while
relatively mild cases have been attributed to even lower
concentrations. Following an asymptomatic latent
period of 4 to 10 hours, there is characteristical naso-
pharyngeal irritation followed by a feeling of chest
constriction or substernal pain, with persistent cough
and dyspnea; there may also be headache, chills, muscle
aches, nausea, vomiting, and diarrhea. Pulmonary
edema may then develop and progress rapidly, with
decreased vital capacity and markedly reduced carbon
monoxide diffusing capacity. Cyanosis may be intense.
In about 20% of the cases the dyspnea is progressive,

2 Cadmium Dust (as Cadmium)

accompanied by wheezing or hemoptysis, and may
result in death within 7 to 10 days after exposure; at
autopsy the lungs are markedly congested, and there is
an intra-alveolar fibrinous exudate, as well as alveolar
cell metaplasia. Among survivors, the subsequent
course is unpredictable: most cases resolve slowly, but
respiratory symptoms may linger for several weeks,
while impairment of pulmonary function may persist for
months. In experimental animals, cadmium exposure
has caused pulmonary fibrosis, but this has not been
documented in humans. In one fatal human case, in
addition to lung abnormalities, there was renal cortical
necrosis. Absorbed cadmium is retained to a large
extent by the body, and excretion is very slow. Contin-
ued exposure to low levels of cadmium in air has
resulted in chronic poisoning characterized by irrevers-
ible lung injury of an emphysematous type, with abnor-
mal lung function and urinary excretion of a specific
low-molecular-weight protein which may be associated
with renal dysfunction. Clinical evidence of the cumula-
tive effects of cadmium may appear after exposure has
terminated; the disease then tends to be progressive.
The frequency of occurrence of proteinuria increases
with length of exposure: those exposed to cadmium
compounds for less than 2 years had no proteinuria,
whereas most of those exposed for 12 years or more had
proteinuria with little other evidence of renal damage.
The urinary excretion of cadmium bears no known
relationship to the severity or duration of exposure and
is only a confirmation of absorption. Other conse-
quences of cadmium exposure are rhinitis, occasional
ulceration of the nasal septum, damage to the olfactory
nerve, and anosmia. The long-term ingestion of water,
beans, and rice contaminated with cadmium has been
proposed as the probable cause of a crippling condition
among Japanese women who have had muitiple preg-
nancies; severe pain in the back and joints, a waddly
gait, osteomalacia, spontaneous fractures, and occasion-
al fatal renal failure are characteristics of the disorder,
which has been termed “itai-itai.” Subcutaneous injec-
tion of cadmium metal suspended in fowl serum pro-
duced rhabdomyosarcomata in rats; cadmium suifate in
sterile distilled water produced sarcomata; and cadmi-
um chloride solution produced pleomorphic sarcomata
at the injection site. Increased incidence of prostatic
cancer has been reported following occupational expo-
sure to cadmium. Cadmium sulfate injected into the

lingual vein of female hamsters on day 8 of pregnancy
caused a high incidence of resorption and maiformed
offspring; acute necrosis of rat testes follows large doses
orally or parenterally, but testicular effects have not
been reported in humans.
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September 1978



CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Cadmium metal dust

1. Molecular weight: 112.4

2. Boiling point (760 mm Hg): 767 C (1412 F)

3. Specific gravity (water = 1): 8.642

4. Vapor density (air = 1 at boiling point of cadmi-
um metal dust): Not applicable

5. Melting point: 321 C (609 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Physical data—Cadmium oxide dust

. Molecular weight: 128.4

2. Boiling point (760 mm Hg): 900 C (1652 F) (sub-
limes and decomposes)

3. Specific gravity (water = 1): 6.95 or 8.15

4. Vapor density (air = 1 at boiling point of cadmi-
um oxide dust): Not applicable

5. Melting point: 900 C (1652 F) (subiimes and de-
composes)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0005

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Cadmium sulfide dust

1. Molecular weight: 144.5

2. Boiling point (760 mm Hg): Sublimes in N, at 980
C(1796 F)

3. Specific gravity (water = 1):4.82

4. Vapor density (air = 1 at boiling point of cadmi-
um sulfide dust): Not applicable

5. Melting point: 1750 C (3182 F) at 100 atm.

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
0.0001

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Cadmium chloride dust

1. Molecular weight: 183

2. Boiling point (760 mm Hg): 960 C (1760 F)

3. Specific gravity (water = 1): 4.047

4. Vapor density (air = 1 at boiling point of cadmi-
um chloride dust): Not applicable

5. Melting point: 568 C (1054 P

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
140

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: None haz-
ardous

2. Incompatibilities: Contact of cadmium metal dust
with strong oxidizers or with elemental sulfur, selenium,
and tellurium may cause fires and explosions.
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3. Hazardous decomposition products: Toxic gases
and vapors (such as cadmium oxide fume) may be
released in a fire involving cadmium dust.

4. Special precautions: None
* Flammability

1. Flash point: Not applicable

2. Autoignition temperature: 250 C (482 F) (layer)
(cadmium metal dust)

3. Minimum explosive dust concentration: Data not
available

4. Extinguishant: Dry powder for metal fires
* Warning properties
Grant states that “cadmium is a very toxic metal which
gives off fumes when burned or heated strongly. Char-
acteristically these fumes cause dryness and irritation of
the throat, followed in a few hours by nausea and
diarrhea. Smarting of the eyes occurs relatively infre-
quently, and no injury to the eyes of human beings has
been reported. Neither eye nor respiratory irritation is
enough to prevent exposures which may cause serious
systemic poisoning and damage to the lungs.”

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taker in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of cadmium dust. Each mea-
surement should consist of a fifteen (15) minute sample
or series of consecutive samples totalling fifteen (15)
minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployeej. A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure.

* Method

Sampling and analyses may be performed by collection
of cadmium dust on a filter, followed by treatment with
nitric acid, solution in hydrochloric acid, and atomic
absorption spectrophotometric analysis. An analytical
method for cadmium dust is in the N/OSH Manual of
Analytical Methods, 2nd Ed., Vol. 3, 1977. available
from the Government Printing Office, Washington.
D.C. 20402 (GPO No. 017-033-00261-4).

Cadmium Dust (as Cadmium) 3
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RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* If employees’ clothing has had any possibility of
being contaminared with cadmium dust, employees
-should change into uncontaminated clothing before
leaving the work premises.
* Clothing which has had any possibility of being
contaminated with cadmium dust should be placed in
- closed containers for storage until it can be discarded or
until provision is made for the removal of cadmium dust
~from the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the cadmium dust, the
person performing the operation should be informed of
cadmium dust’s hazardous properties.
* Employees should be provided with and required to
use dust-resistant safety goggles where there is any
possibility of cadmium chloride dust contacting the
eyes.
* Where there is any possibility that employees’ eyes
may be exposed to cadmium chloride dust, an eye-wash
fountain should be provided within the immediate work
area for emergency use.

SANITATION

* Workers subject to skin contact with cadmium dust
should wash with soap or mild detergent and water any
areas of the body which may have contacted cadmium
dust at the end of each work day.

* Eating and smoking should not be permitted in areas
where cadmium dust is handled, processed, or stored.
* Empioyees who handle cadmium dust should wash
their hands thoroughly with soap or mild detergent and
water before eating or smoking.

4 Cadmium Dust (as Cadmium)

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to cadmium dust may occur and con-
trol methods which may be effective in each case:

Operation

Liberation from
fabrication of cadmium-
plated marine, aircraft,
and motor vehicle
equipment for
corrosion-resistant
coatings

Liberation during
processing of cadmium
metal

Liberation in synthesis
of cadmium compounds

Liberation in
manufacture and

Controls

Local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust ventilation

Local exhaust
ventilation; personal

fabrication of cadmium
alloys; recovery from
flue dusts during
smelting of lead and
zinc operations

protective equipment

Process enclosure;
local exhaust ventilation

Liberation during
manufacture of nuclear
reactor rods

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If cadmium dust gets into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

¢ Skin Exposure

If cadmium dust gets on the skin, wash the contaminat-
ed skin using soap or mild detergent and water. Be sure
to wash the hands well before eating or smoking and at
the close of work.

¢ Breathing

If a person breathes in large amounts of cadmium dust,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

¢ Swallowing

When cadmium dust or liquids containing cadmium
dust have been swallowed and the person is conscious,
give the person large quantities of water immediately.
After the water has been swallowed, try to get the
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upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with this chemical.

* Skin Exposure

If cadmium dust gets on the skin, wash the contaminat-
ed skin using soap or mild detergent and water. Be sure
to wash the hands well before eating or smoking and at
the close of work.

¢ Breathing

If a person breathes in large amounts of cadmium dust,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

* Swallowing

When cadmium dust or liquids containing cadmium
dust have been swallowed and the person is conscious,
give the person large quantities of water immediately.
After the water has been swallowed, try to get the
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person to vomit by having him touch the back of his
throat with his finger. Do not make an unconscious
person vomit. Get medical attention immediately.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.

* If cadmium dust is released in hazardous concentra-
tions, the following steps should be taken:

1. Remove all ignition sources.

2. Ventilate area of release.

3. Collect released material in the most convenient and
safe manner for reclamation or for disposal in sealed
conainers in a secured sanitary landfill.

* Waste disposal method:

Cadmium dust may be disposed of in sealed containers
in a secured sanitary landfill.
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person vomit. Get medical attention immediately.
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Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
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know the locations of rescue equipment before the need
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* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
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2. Ventilate area of release.
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RESPIRATORY PROTECTION FOR CADMIUM DUST (AS CADMIUM)

Condition

Minimum Respiratory Protection*
Required Above 0.2 mg/m?

Dust Concentration

1 mg/m?3 or less

Any dust respirator, except singie-use.

2 mg/m3 or less

Any dust respirator, except single-use or quarter-mask respirator.
Any high efficiency particulate filter respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

10 mg/ms3 or less

A high efficiency particulate filter respirator with a fuil facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece.

40 mg/m3 or less

A powered air-purifying respirator with a high efficiency particuiate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 40 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode agd an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Self-contained breathing apparatus with a fuil facepiece operated in pressure-

Fire Fighting
demand or other positive pressure mode.
Escape Any dust respirator, except single-use.

Any escape seif-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.



RESPIRATORY PROTECTION FOR CADMIUM DUST (AS CADMIUM)

Condition

Minimum Respiratory Protection*
Required Above 0.2 mg/m3

Dust Concentration

1 mg/m3 or less

Any dust respirator, except single-use.

2 mg/m3 or less

Any dust respirator, except single-use or quarter-mask respirator.
Any high efficiency particulate filter respirator.
Any supplied-air respirator.

Any seff-contained breathing apparatus.

10 mg/ms3 or less

A high efficiency particulate fiiter respirator with a full facepiece.
Any supplied-air respirator with a fuil facepiece, heimet, or hocd.

Any self-contained breathing apparatus with a full facepiece.

40 mg/m? or less

A powered air-purifying respirator with a high efficiency particulate filter.

A Type C suppiied-air respirator operated in pressure-demand or
pressure or continuous-fiow mode.

Greater than 40 mg/m3 or Self-contained breathing apparatus with a full facepiece operated in pressure-

entry and escape

from demand or other positive pressure mode.

unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in Pressure-demand or other positive pressure or continu-
ous-flow mode agd an auxiliary self-contained breathing apparatus operated in

pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or cther positive pressure mode.
Escape Any dust respirator, except single-use.

Any escape seif-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.

other positive



Occupational Health Guideline for
Cadmium Fume

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: Cd/CdO

* Synonyms: None

* Appearance: Finely divided solid particles dispersed
in air.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium fume is 0.1
milligram of cadmium fume per cubic meter of air (mg/
m?) averaged over an eight-hour work shift, with an
acceptable ceiling level of 0.3 mg/m? NIOSH has
recommended that the permissible exposure limit be
reduced to a time-weighted average of 40 micrograms
cadmium per cubic meter (ug/m?) with a ceiling level of
200 ug cadmium/m® for a 15-minute period. The
NIOSH Criteria Document for Cadmium should be
consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Cadmium fume can affect the body if it is inhaled.
* Effects of overexposure

1. Short-term Exposure: Cadmium fume causes irritation
of the nose and throat. If enough has been inhaled, after
a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur.

2. Long-term Exposure: Repeated or prolonged expo-
sure to cadmium fume may cause loss of sense of smell,
ulceration of the nose, shortness of breath (emphyse-

ma), kidney damage, and mild anemia. Exposure to
cadmium fume has also been reported to cause an
increased incidence of cancer of the prostate in men.
Injections of cadmium sulfate in animals have been
reported to cause malformation in their offspring. This
effect has not been reported in humans,

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium fume.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to cadmium
fume at potentially hazardous levels:

1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system, kidneys, and blood
should be stressed.

—Urinalysis: Since kidney damage has been observed
in humans exposed to cadmium, a urinalysis should be
obtained to include at a minimum specific gravity,
albumin, glucose, and a mICroscopic on centrifuged
sediment. The urine should be examined for the specific
protein.

—14” x 17 chest roentgenogram: Cadmium causes
human lung damage. Surveillance of the lungs is indi-
cated.

—Liver function tests: Cadmium may cause liver
damage. A profile of liver function should be obtained
by utilizing a medically acceptable array of biochemical
tests.

—FVC and FEV (1 sec): Cadmium is reported to
cause decreased pulmonary function. Periodic surveil-
lance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an X-ray is necessary only when
indicated by the results of pulmonary function testing.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective Occupational health program. However, they may not be sufficient to achieve comphance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Heaith Service Centers for Disease Control
National Insutute for Occupational Safety and Health
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U.S. DEPARTMENT OF LABOR
Occupational Safety and Heaith Administration



Occupational Health Guideline for
Cadmium Fume

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formula: Cd/CdO

¢ Synonyms: None

* Appearance: Finely divided solid particles dispersed
in air.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for cadmium fume is 0.1
milligram of cadmium fume per cubic meter of air (mg/
m®) averaged over an eight-hour work shift, with an
acceptable ceiling level of 0.3 mg/m3. NIOSH has
recommended that the permissible exposure limit be
reduced to a time-weighted average of 40 micrograms
cadmium per cubic meter (ug/m?) with a ceiling level of
200 ug cadmium/m® for a 15-minute period. The
NIOSH Criteria Document for Cadmium should be
consulted for more detailed information.

HEALTH HAZARD INFORMATION

¢ Routes of exposure

Cadmium fume can affect the body if it is inhaled.
¢ Effects of overexposure

1. Short-term Exposure: Cadmium fume causes irritation
of the nose and throat. If enough has been inhaled, after
a delay of several hours, a person may also develop
cough, chest pain, sweating, chills, shortness of breath,
and weakness. Death may occur.

2. Long-term Exposure: Repeated or prolonged expo-
sure to cadmium fume may cause loss of sense of smell,
ulceration of the nose, shortness of breath (emphyse-

ma), kidney damage, and mild anemia. Exposure to
cadmium fume has also been reported to cause an
increased incidence of cancer of the prostate in men.
Injections of cadmium sulfate in animals have been
reported to cause malformation in their offspring. This
effect has not been reported in humans.

3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
cadmium fume.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to cadmium
fume at potentially hazardous levels:

L. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system, kidneys, and blood
should be stressed.

—Urinalysis: Since kidney damage has been observed
in humans exposed to cadmium, a urinalysis should be
obtained to include at a minimum specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment. The urine should be examined for the specific
protein.

—14” x 17” chest roentgenogram: Cadmium causes
human lung damage. Surveillance of the lungs is indi-
cated.

—Liver function tests: Cadmium may cause liver
damage. A profile of liver function should be obtained
by utilizing a medically acceptable array of biochemical
tests.

—FVC and FEV (1 sec): Cadmium is reported to
cause decreased pulmonary function. Periodic surveil-
lance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is necessary only when
indicated by the results of pulmonary function testing.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Heaith
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Urine protein measurements should be made available
every four months.

¢ Summary of toxicology

Cadmium fume (cadmium oxide) is a severe pulmonary
irritant that has caused fatal pulmonary edema in work-
ers; chronic exposures may lead to severe pulmonary
emphysema. Cadmium sulfide produces malignant
tumors in animals by injection, suggesting that cadmium
is carcinogenic. Most acute intoxications have been
caused by inhalation of cadmium fume at concentra-
tions which did not provide warning symptoms of
irritation. The average concentrations of fume responsi-
ble for fatalities have been 40 to 50 mg/m? for | hour, or
9 mg/m? for 5 hours. Non-fatal pneumonitis has been
reported from concentrations of 0.5 to 2.5 mg/m?, while
relatively mild cases have been attributed to even lower
concentrations. Following an asymptomatic latent
period of 4 to 10 hours, there is characteristically
nasopharyngeal irritation, followed by a feeling of chest
constriction or substernal pain, with cough and dys-
pnea; there also may be headache, chills, muscle aches,
nausea, vomiting, and diarrhea. Pulmonary edema may
then develop rapidly, with decreased vital capacity and
markedly reduced carbon monoxide diffusing capacity.
In about 20% of the cases the dyspnea is progressive,
accompanied by wheezing or hemoptysis, and may
result in death within 7 to 10 days of exposurs; at
autopsy the lungs are markedly congested, and there is
an intra-alveolar fibrinous exudate, as well as alveolar
cell metaplasia. Among survivors, the subsequent
course is unpredictable: most cases resolve slowly, but
respiratory symptoms may linger for several weeks,
while impairment of pulmonary function may persist for
months. In experimental animals, cadmium exposure
has caused pulmonary fibrosis, but this has not been
documented in humans. In one fatal human case, in
addition to lung abnormalities, there was renal cortical
necrosis. Continued exposure to lower levels of cadmi-
um in air has resulted in chronic poisoning character-
ized by irreversible lung injury of emphysematous type,
with abnormal lung function and urinary excretion of a
specific low-molecular-weight protein which may be
associated with evidence of renal dysfunction. Clinical
evidence of the cumulative effects of cadminm may
appear after exposure has terminated; the disease then
tends to be progressive. The frequency of occurrence of
proteinuria increases with length of exposure: those
exposed to cadmium compounds for less than 2 years
had no proteinuria, whereas most of those exposed for
12 years or more had proteinuria with little other
evidence of renal damage. Cadmium absorbed by any
route is, to a very large extent, retained by the body.
Excretion is very slow. The urinary excretion of cadmi-
um bears no known relationship to the severity or
duration of exposure and is only a confirmation of
absorption. Other consequences of cadmium exposure
are rhinitis, occasional ulceration of the nasal septum,
damage to the olfactory nerve, and anosmia. The long-
term ingestion of beans, rice and water contaminated

2 Cadmium Fume

with cadmium has been proposed as the probable cause
of a crippling condition among Japanese women who
have had multiple pregnancies; pain in the back and
joints, an unsteady gait, osteomalacia, bone fractures,
and occasional renal failure are characteristics of the
disorder. Rats, injected subcutaneously with cadmium
metal suspended in fowl*serum, produced rhabdomyo-
sarcomata; with cadmium sulfate in sterile distilled
water, sarcomata; and with cadmium chloride solution,
pleomorphic sarcomas at the injection site, suggesting
that cadmium is carcinogenic. Cadmium sulfate injected
into the lingual vein of female hamsters on day 8 of
pregnancy caused a high incidence of resorption and
malformed offspring. Increased prostatic and lung
cancer has been reported in humans exposed to cadmi-
um oxide. Acute necrosis of the rat testis follows large
doses orally or parenterally.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data

l. Molecular weight: 112~ 128

2. Boiling point (760 mm Hg): Not applicable

3. Specific gravity (water = 1): Not applicable

4. Vapor density (air = | at boiling point of cadmi-
um fume): Not applicable

5. Melting point: Not applicable

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Not applicable
* Flammability

1. Not applicable
* Warning properties
Grant reports that “smarting of the eyes occurs relative-
ly infrequently (upon exposure to cadmium fume), and
no injury to the eyes of human beings has been reported.
Neither eye nor respiratory tract irritation is enough to
prevent exposures which may cause serious systemic
poisoning and damage to the lungs.”

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
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Urine protein measurements should be made available
every four months.

¢ Summary of toxicology

Cadmium fume (cadmium oxide) is a severe pulmonary
irritant that has caused fatal pulmonary edema in work-
ers; chronic exposures may lead 1o severe pulmonary
emphysema. Cadmium sulfide produces malignant
tumors in animals by injection, suggesting that cadmium
is carcinogenic. Most acute intoxications have been
caused by inhalation of cadmium fume at concentra-
tions which did not provide warning symptoms of
irritation. The average concentrations of fume responsi-
ble for fatalities have been 40 to 50 mg/m? for | hour, or
9 mg/m?* for S hours. Non-fatal pneumonitis has been
reported from concentrations of 0.5 to 2.5 mg/m?3, while
relatively mild cases have been attributed to even lower
concentrations. Following an asymptomatic latent
period of 4 to 10 hours, there is characteristically
nasopharyngeal irritation, followed by a feeling of chest
constriction or substernal pain, with cough and dys-
pnea; there also may be headache, chills, muscle aches,
nausea, vomiting, and diarrhea. Pulmonary edema may
then develop rapidly, with decreased vital capacity and
markedly reduced carbon monoxide diffusing capacity.
In about 20% of the cases the dyspnea is progressive,
accompanied by wheezing or hemoptysis, and may
result in death within 7 10 10 days of exposure: at
autopsy the lungs are markedly congested, and there is
an intra-alveolar fibrinous exudate, as well as alveolar
cell metaplasia. Among survivors, the subsequent
course is unpredictable: most cases resolve slowly, but
respiratory symptoms may linger for several weeks,
while impairment of pulmonary function may persist for
months. In experimental animals, cadmium exposure
has caused pulmonary fibrosis, but this has not been
documented in humans. In one fatal human case, in
addition to lung abnormalities, there was renal cortical
necrosis. Continued exposure to lower levels of cadmi-
um in air has resulted in chronic poisoning character-
ized by irreversible lung injury of emphysematous type,
with abnormal lung function and urinary excretion of a
specific low-molecular-weight protein which may be
associated with evidence of renal dysfunction, Clinjcal
evidence of the cumulative effects of cadminm may
appear after exposure has terminated; the disease then
tends to be progressive. The frequency of occurrence of
proteinuria increases with length of exposure: those
exposed to cadmium compounds for less than 2 years
had no proteinuria, whereas most of those exposed for
12 years or more had proteinuria with little other
evidence of renal damage. Cadmium absorbed by any
route is, to a very large extent, retained by the body.
Excretion is very slow. The urinary excretion of cadmi-
um bears no known relationship to the severity or
duration of exposure and is only a confirmation of
absorption. Other consequences of cadmium exposure
are rhinitis, occasional ulceration of the nasal septum,
damage to the olfactory nerve, and anosmia. The long-
term ingestion of beans, rice and water contaminated

2 Cadmium Fume

with cadmium has been proposed as the probable cause
of a crippling condition among Japanese women who
have had multiple pregnancies: pain in the back and
joints, an unsteady gait, osteomalacia, bone fractures.
and occasional renal failure are characteristics of the
disorder. Rats, injected subcutaneously with cadmium
metal suspended in fowl*serum, produced rhabdomyo-
sarcomata; with cadmium suifate in sterile distilled
water, sarcomata; and with cadmium chlorde solution,
pleomorphic sarcomas at the injection site, suggesting
that cadmium is carcinogenic. Cadmium sulfate injected
into the lingual vein of female hamsters on day 8 of
pregnancy caused a high incidence of resorption and
malformed offspring. Increased prostatic and lung
cancer has been reported in humans exposed to cadmi-
um oxide. Acute necrosis of the rar testis follows large
doses orally or parenterally.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data
. Molecular weight: 112 — {28
. Boiling point (760 mm Hg): Not applicable
- Specific gravity (water = 1): Not applicable
Vapor density air = | at boiling point of cadmi-
um fume): Not applicable

3. Melting point: Not applicable

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, &/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Not applicable
* Flammability

L. Not applicable
* Warning properties
Grant reports that “'smarting of the eyes occurs relative-
ly infrequently (upon exposure to cadmium fume), and
no injury to the eyes of human beings has been reported.
Neither eye nor respiratory tract irritation is enough to
prevent exposures which may cause serious systemic
poisoning and damage to the lungs.”

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
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airborne concentrations of cadmium fume. Each mea-
surement should consist of a fifteen (15) minute sample
or series of consecutive samples totalling fifteen (15)
minutes in the employee’s breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee’s
exposure.

¢ Method

Sampling and analyses may be performed by collection
of cadmium fume on a cellulose membrane filter, fol-
lowed by treatment with nitric acid, solution in acid,
and analysis with an atomic absorption spectrophoto-
meter. An analytical method for cadmium fume is in the
NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3,
1977, available from the Government Printing Office,
Washington, D.C. 20402 (GPO No. 017-033-00261-4).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

SANITATION

* Eating and smoking should not be permitted in areas
where fumes may be generated in the handling or
processing of cadmium.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to cadmium fume may occur and
control methods which may be effective in each case:
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Operation

Liberation during
smelting and refining of
ores where it is a by-
product of zinc, lead,
and copper-bearing
ores

Liberation during
recovery of metal by
processing of scrap;
during melting and
pouring of cadmium
metal; during casting of
alloys for cadmium-
copper, cadmium-lead,
cadmium-bismuth,
cadmium-silver,
cadmium-nickel,
cadmium-lead-silver,
cadmium-lead-silver-
nickel, cadmium-lead-
bismuth-tin, and
cadmium-gold products
used for coating
telephone cables,
trolley wires, welding
electrodes, automatic
sprinkling systems,
steam boilers, fire
alarms, high-pressure/
temperature bearings,
starting switches,

aircraft relays, light-duty

circuit breakers, low-

temperature solder, and

jewelry

Liberation during
fabrication of metal,
alloys, or plated steel

Liberation during
casting and use of
solders; during melting
of cadmium ingots for
paint and pigment
manufacture used for
coloring of plastics and
ceramic glazes,
electroplating, and in
chemical synthesis

Liberation during
coating on metals by
hot dipping or spraying

Controls

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment
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casting and use of
solders; during melting
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paint and pigment
manufacture used for
coloring of plastics and
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electroplating, and in
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hot dipping or spraying
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Process enclosure:’
local exhaust
ventilation; personal
protective equipment

Liberation during
manufacture of nickel-
cadmium batteries for
use in radio-portable
telephones,
convenience
appliances, and vented
cells used in air planes,
heliocopters, and stand-
by power and fighting

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Breathing

If a person breathes in large amounts of cadmium fume,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.

* Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and puf into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.
* If potentially hazardous amounts of cadmium fume
are inadvertently released, ventilate the area of the
release to disperse the fume.

REFERENCES

¢ American Conference of Governmental Industrial
Hygienists: “Cadmium and Compounds as Cd,” Docu-
mentation of the Threshold Limit Values for Substances in
Workroom Air (3rd ed., 2nd printing), Cincinnati, 1974,
* American Industrial Hygiene Association: “Cadmi-
um,” Hygienic Guide Series, Detroit, Michigan, 1963.
* Bonnell, J. A.: “Cadmium Poisoning,” Annals of
Occupational Hygiene, 8:45-50, 1965.

* Browning, E.: Toxicity of Industrial Me:tals (2nd ed.),
Butterworths, London, 1969.

* Christensen, H. E., and Luginbyhl, T. L. (eds.):
NIOSH Toxic Substances List, 1974 Edition, HEW
Publication No. 74-134. 1974.
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* Dunphy, B.: “Acute Occupational Cadmium Poison-
ing: A Critical Review of the Literature,” Journa! of
Occupational Medicine, 9:22-26, 1967.

* Emmerson, B. T.: “’Ouch-Ouch’ Disease: The Osteo-
malacia of Cadmium Nephropathy,” Annals of Internal
Medicine, 73:854-855, 1970.

* Fassett, D. W.: “Cadmium: Biological Effects and
Occurrence in the Environment,” Annual Review of
Pharmacology, 15:425-435, 1975.

* Fleischer, M., et al.: “Environmental Impact of Cad-
mium: A Review by the Panel on Hazardous Trace
Substances,” Environmenta! Health Perspectives, 253-
323, May 1974.

* Friberg, L., et al.: Cadmium in the Environment. (2nd
ed.), CRC Press, Cleveland, 1974.

* Grant, W. M.: Toxicology of the Eye (2nd ed.), C. C.
Thomas, Springfield, Illinois, 1974.

* Gunn, S. A, et al.: “Specific Response of Mesenchy-
mal Tissue to Cancerigenesis by Cadmium,"” Archives of
FPathology, 83:493-499, 1967.

* Haddow, A, et al.: “Cadmium Neoplasia: Sarcomata
at the Site of Injection of Cadmium Sulphate in Rats
and Mice,” British Journal of Cancer, 18:667-673, 1964.
* Heath, J. C, et al.: “Cadmium as a Carcinogen,”
Vature, 193:592-593, 1962.

* Holmberg, E. R,, Jr., and Ferm, V. H.: “Interrela-
tionships of Selenium, Cadmium, and Arsenic in Mam-
malian Teratogenesis,” Archives of Environmental
Health, 18:873-877, 1969.

* Louria, D. B,, et al.: ““The Human Toxicity of Certain
Trace Elements,” Annals of Internal Medicine, 76:307-
319, 1972.

* National Institute for Occupational Safety and
Health, U.S. Department of Health, Education, and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure to Cadmium, HEW Publication
No. (NIOSH) 76-192, GPO No. 017-033-00206-1, U.S.
Government Printing Office, Washington, D.C., 1976.
* Pauty, F. A. (ed.): Toxicology, Vol. I1 of Industrial
Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York, 1963.

* Tsuchiya, K.: “Proteinuria of Workers Exposed to
Cadmium Fume,” Archives of Environmental Heaith,
14:875-880, 1967.

* SPECIAL NOTE

The International Agency for Research on Cancer
(IARC) has evaluated the data on this chemical and has
concluded that it causes cancer. See JARC Monographs
on the Evaluation of Carcinogenic Risk of Chemicals to
Man. Volume 2. 1973, and Volume 1. 1976.
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RESPIRATORY PROTECTION FOR CADMIUM FUME

Condition Minimum Respiratory Protection*
Required Above 0.1 mg/m3

Particulate Concentration
1 mg/m3 or less Any fume respirator or high efficiency particulate respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

5 mg/m? or less A high efficiency particulate filter respirator with a full facepiecs.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any seif-contained breathing apparatus with a full facepiece.

40 mg/m? or less A powered air-puritying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 40 mg/m?3 or Seif-contained breathing apparatus with a fuil facepiece operated in pressure-
entry and escape from demand or other positive pressure mode.
unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape A high efficiency particulate filter respirator with a ful facepiece.

Any escape self-contained breathing apparatus.

*Only NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for .
Chromium Metal and Insoluble Chromium Salts

INTRODUCTION

This guideline is intended as a source of information for
empioyees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all chromium metal and insoluble chromium
salts. Physical and chemical properties of some specific
compounds are provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Metallic chromium

* Formula: Cr
* Synonyms: None
* Appearance and odor: Shiny, odorless metal.

| Copper chromite

¢ Formula: Cu.Cr,0,
* Synonyms: Cuprous chromite
* Appearance and odor: Greenish-blue, odorless solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for chromium metal or
insoluble chromium salts is 1 milligram of chromium
metal or insoluble chromium salts per cubic meter of air
(mg/m®) averaged over an eight-hour work shift. Cer-
tain forms of chromium (VI) have been found to cause
increased respiratory cancer among workers. Certain
other forms of chromium (VT) are currently believed to
be non-carcinogenic: The non-carcinogenic forms are
the monochromates and bichromates (dichromates) of
hydrogen, lithium, sodium, potassium, rubidium,

cesium, and ammonium, and chromium (VI) oxide
(chromium acid anhydride). NIOSH has not conducted
an in-depth study of the toxicity of chromium metal or
compounds containing chromium in an oxidation state
other than 6. NIOSH recommends that the permissible
exposure limit for carcinogenic chromium (VI) com-
pounds be reduced to 0.001 Cr (VI) mg/m® and that
these compounds be regulated as occupational carcino-
gens. NIOSH also recommends that the permissible
exposure limit for non-carcinogenic chromium (VI) be
reduced to 0.025 Cr (VI) mg/m? averaged over a work
shift of up to 10 hours per day, 40 hours per week, with
a ceiling level of 0.05 Cr (VI) mg/m? averaged over a
15-minute period. It is further recommended that chro-
mium (V) in the workplace be considered carcinogen-
ic, unless it has been demonstrated that only the non-
carcinogenic chromium (VI) compounds mentioned
above are present. The NIOSH Criteria Documents for
Chromic Acid and Chromium (V1) should be consulted
for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Chromium metal or insoluble chromium salts can affect
the body if they are inhaled. They can also affect the
body if they are swallowed.

¢ Effects of overexposure

Ferro chrome alloys have been associated with lung
changes in workers exposed to these alloys. Chromite
dust exposure may cause minor lung changes.

* Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to chromium metal or insoluble chromium
salts.

* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to chromi-
um metal or insoluble chromium salts at potentially
hazardous levels:

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementaticn will
assist in achieving an etfective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
Nationai Institute for Occupational Safety and Heaith
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U.S. DEPARTMENT OF LABOR
Occupational Safety and Heaith Administration
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INTRODUCTION

This guideline is intended as a source of information for
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(chromium acid anhydride). NIOSH has not conducted
an in-depth study of the toxicity of chromium metal or
compounds containing chromium in an oxidation state
other than 6. NIOSH recommends that the permissible
exposure limit for carcinogenic chromium (VI) com-
pounds be reduced to 0.001 Cr (VI) mg/m® and that
these compounds be regulated as occupational carcino-
gens. NIOSH also recommends that the permissible
exposure limit for non-carcinogenic chromium (VI) be
reduced to 0.025 Cr (VI) mg/m? averaged over a work
shift of up to 10 hours per day, 40 hours per week, with
a ceiling level of 0.05 Cr (VI) mg/m? averaged over a
15-minute period. It is further recommended that chro-
mium (V) in the workplace be considered carcinogen-
ic, unless it has been demonstrated that only the non-
carcinogenic chromium (VI) compounds mentioned
above are present. The NIOSH Criteria Documents for
Chromic Acid and Chromium (V) should be consulted
for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure :

Chromium metal or insoluble chromium salts can affect
the body if they are inhaled. They can also affect the
body if they are swallowed.

¢ Effects of overexposure

Ferro chrome alloys have been associated with lung
changes in workers exposed to these alloys. Chromite
dust exposure may cause minor lung changes.

¢ Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to chromium metal or insoluble chromium
salts.

¢ Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to chromi-
um metal or insoluble chromium salts at potentially
hazardous levels:

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National institute for Occupational Safety and Healith
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1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system should be stressed.

—14” x 17" chest roentgenogram: Chromium and its
insoluble saits may cause human lung damage. Surveil-
lance of the lungs is indicated.

—FVC and FEV (1 sec): Insoluble chromium saits
are reported to cause decreased pulmonary function.
Periodic surveillance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

* Summary of toxicology

The dusts of chromium metal and its insoluble saits,
chiefly the chromites, are usually reported to be rela-
tively nontoxic; this is debatable, since exposures associ-
ated with toxic effects are usually mixed exposures
involving several hexavalent chromium compounds.
Ferrochrome alloys have been associated with pulmon-
ary disease in humans. Four workers engaged in the
production of ferrochrome alloys developed a nodular
type of pulmonary disease with impairment of pulmon-
ary function; air concentrations of chromium in this
study averaged 0.26 mg/m3, although other fumes and
dusts were also present. This pulmonary problem may
be one of hypersensitivity and thus reversible. Other
reports state that chest roentgenograms have revealed
only “exaggerated pulmonic markings” in workers ex-
posed to chromite dust. The lungs of groups of workers
exposed to chromite dust have been shown to be the
seat of pneumoconiotic changes consisting of slight
thickening of interstitial tissue and interalveolar septa,
with histologic fibrosis and hyalinization. Chromite ore
roast mixed with sheep fat implanted intrapleurally in
rats produced squamous cell carcinomata coexisting
with sarcomata of the lungs; the same material implant-
ed in the thighs of rats produced fibrosarcomata. A
refractory plant using chromite ore to make chromite
brick had no excess of lung cancer deaths over a 14-year
period, and it was concluded that chromite alone prob-
ably is not carcinogenic.

CHEMICAL AND PHYSICAL PROPERTIES

¢ Physical data—Metallic chromium

1. Molecular weight: 52

2. Boiling point (760 mm Hg): 2640 C 4784 F)

3. Specific gravity (water = 1): 7.2

4. Vapor density (air = 1 at boiling point of metallic
chromium): Not applicable

5. Melting point: 1900 C (3452 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble

2 Chromium Metal and 'nsoluble Chromium Salts (as Chromium)

¢ Physical data—Copper chromitz

l. Molecular weight: 295.1

2. Boiling point (760 mm Hg): Data not available

3. Specific gravity (water = 1): 5.24

4. Vapor density (air = 1 at boiling point of copper
chromite): Not applicable

5. Melting point: Data not available

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Basic potassium zinc chromate

1. Molecular weight: §73.8

2. Boiling point (760 mm Hg): Decomposes at red
heat

3. Specific gravity (water = 1): 3.47

4. Vapor density (air = 1 at boiling point of basic
potassium zinc chromate): Not applicable

5. Melting point: Loses water slowly above 100 C
Q12 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity

1. Conditions contributing to instability: None

2. Incompatibilities: Chromium metal in contact with
strong oxidizers may cause fires and explosions.

3. Hazardous decomposition products: None listed.

4. Special precautions: None listed.
¢ Flammability

1. Flash point: Not applicable

2. Minimum ignition temperature (metal): 400 C (752
F) (layer); 580 C (1076 F) (cloud)

3. Minimum explosive dust concentration (metal):
230 grams/m?

4. Extinguishant: Dry sand, dry dolomite, dry graph-
ite
¢ Warning properties
Chromium metal and insoluble salts are not known to be
eye irritants.

MONITORING AND MEASUREMENT
PROCEDURES

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
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1. Initial Medical Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system should be stressed.

—14” x 17 chest roentgenogram: Chromium and its
insoluble salts may cause human lung damage. Surveil-
lance of the lungs is indicated.

—FVC and FEV (1 sec): Insoluble chromium salts
are reported to cause decreased pulmonary function.
Periodic surveillance is indicated.

2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.

* Summary of toxicoiogy

The dusts of chromium metal and its insoluble saits,
chiefly the chromites, are usuaily reported to be rela-
tively nontoxic; this is debatable, since exposures associ-
ated with toxic effects are usually mixed exposures
involving several hexavalent chromium compounds.
Ferrochrome alloys have been associated with pulmon-
ary disease in humans. Four workers engaged in the
production of ferrochrome alloys developed a nodular
type of pulmonary disease with impairment of puimon-
ary function; air concentrations of chromium in this
study averaged 0.26 mg/m?, although other fumes and
dusts were also present. This pulmonary problem may
be one of hypersensitivity and thus reversible. Other
reports state that chest roentgenograms have revealed
only “exaggerated pulmenic markings” in workers ex-
posed to chromite dust. The lungs of groups of workers
exposed to chromite dust have been shown to be the
seat of pneumoconiotic changes consisting of slight
thickening of interstitial tissue and interalveolar septa,
with histologic fibrosis and hyalinization. Chromite ore
roast mixed with sheep fat implanted intrapleuraily in
rats produced squamous cell carcinomata coexisting
with sarcomata of the lungs; the same material implant-
ed in the thighs of rats produced fibrosarcomata. A
refractory plant using chromite ore to make chromite
brick had no excess of lung cancer deaths over a 14-year
period, and it was concluded that chromite alone prob-
ably is not carcinogenic.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Metallic chromium

. Molecujar weight: 52

2. Boiling point (760 mm Hg): 2640 C (4784 F)

3. Specific gravity (water = 1): 7.2

4. Vapor density (air = | at boiling point of metallic
chromium): Not applicable

5. Melting point: 19500 C (G452 F)

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, 8/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acerate = 1): Not applica-
ble

2 Chromium Metal and !nsoiuble Chromium Saits (as Chromium)

¢ Physical data—Copper chromita

1. Molecular weight: 295. ]

2. Boiling point (760 mm Hg): Data not available

3. Specific gravity (water = 1): 5.24

4. Vapor density (air = | at boiling point of copper
chromite): Not applicable

5. Melting point: Data not available

6. Vapor pressure at 20 C (68 F): Essentially zero

7. Solubility in water, g/100 g water at 20 C (68 F):
Insoluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Basic potassium zinc chromate

. Molecular weight: 8§73.8

2. Boiling point (760 mm Hg): Decomposes at red
heat

3. Specific gravity (water = 1): 3,47

+. Vapor density (air = | at boiling point of basic
potassium zinc chromate): Not applicabie

5. Melting point: Loses water slowly above 100 C
(212 F)

6. Vapor pressure at 20 C {68 F): Essentially zero

7. Solubility in water, 8/100 g water at 20 C (68 Fy:
Insoluble

3. Evaporation rate (butyl acetate = 1). Not applica-
ble
* Reactivity

1. Conditions contributing to instability: None

2. Incompatibilities: Chromium metal in contact with
strong oxidizers may cause fires and explosions.

3. Hazardous decomposition products: None listed.

4. Special precautions: None listed.
* Flammability

1. Flash point: Not applicable

2. Minimum ignition temperature (metal): 400 C (752
F) (layer); 580 C (1076 F) (cloud)

3. Minimum explosive dust concentration (metal):
230 grams/m3

4. Extinguishant: Dry sand, dry dolomite, dry graph-
ite
* Warning properties
Chromium metal and insoluble salts are not known to be
eye irritants,

MONITORING AND MEASUREMENT
PROCEDURES

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
e€xposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

* Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
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airborne concentrations of chromium metal or insoluble
chromium salts. Each measurement should consist of a
fifteen (15) minute sample or series of consecutive
samples totalling fifteen (15) minutes in the employee’s
breathing zone (air that would most nearly represent
that inhaled by the employee). A minimum of three 3
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
absorption spectrophotometric analysis. An analytical
method for chromium metal and insoluble chromium
salts is in the .VIOSH Manual of Analytical Methods, 2nd
Ed., Vol. 6, 1980, available from the Government
Printing Office, Washington, D.C. 20402 (GPO No.
017-033-00369-6). '

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with solids or liquids containing insoluble chromium
salts.

* Clothing contaminated with insoluble chromium salts
should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of insoluble chromium salts from the clothing.
If the clothing is to be laundered or otherwise cleaned
to remove the insoluble chromium salts, the person
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performing the operation should be informed of insolu-
ble chromium salts’s hazardous properties.

* Non-impervious clothing which becomes contami-
nated with insoluble chromium salts should be removed
promptly and not reworn until the insoluble chromium
salts are removed from the clothing.

* Employees should be provided with and required to
use dust- and splashproof safety goggles where solids or
liquids containing insoluble chromium salts may contact
the eyes.

SANITATION

* Skin that becomes contaminated with insoluble chro-
mium salts should be promptly washed or showered
with soap or mild detergent and water to remove any
insoluble chromium salts.

* Eating and smoking should not be permitted in areas
where solids or liquids containing insoluble chromium
salts are handled, processed, or stored.

* Employees who handle solids or liquids containing
insoluble chromium salts should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chromium metal or insoluble chro-
mium salts may occur and control methods which may
be effective in each case:

Operation Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Use in fabrication of
alloys

Use in preparation of
alloy steels to enhance
corrosion- and heat-
resistance

Use in fabrication of
plated products for
decoration or increased
wear-resistance

Use in production of
non-ferrous ailoys to
impart special qualities
to the alloys

Use in production and
processing of insoluble
salts

Local exhaust
ventilation; general
dilution ventilation

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Chromium Metal and Insoluble Chromium Saits (as Chromium) 3



airborne concentrations of chromium metal or insoluble
chromium salts. Each measurement should consist of a
fifteen (15) minute sample or series of consecutive
samples totalling fifteen (15) minutes in the employee’s
breathing zone (air that would most nearly represent
that inhaled by the employee). A minimum of three (3)
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
absorption spectrophotometric analysis. An analytical
method for chromium metal and insoluble chromium
salts is in the NIOSH Manual of Analytical Methods, 2nd
Ed., Vol. 6, 1980, available from the Government
Printing Office, Washington, D.C. 20402 (GPO No.
017-033-00369-6). '

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

¢ In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with solids or liquids containing insoluble chromium
salts.

¢ Clothing contaminated with insoluble chromium salts
should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of insoluble chromium salts from the clothing.
If the clothing is to be laundered or otherwise cleaned
to remove the insoluble chromium salts, the person
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performing the operation should be informed of insolu-
ble chromium salts’s hazardous properties.

¢ Non-impervious clothing which becomes contami-
nated with insoluble chromium salts should be removed
promptly and not reworn until the insoluble chromium
salts are removed from the clothing.

* Employees should be provided with and required to
use dust- and splashproof safety goggles where solids or
liquids containing insoluble chromium salts may contact
the eyes.

SANITATION

¢ Skin that becomes contaminated with insoluble chro-
mium salts should be promptly washed or showered
with soap or mild detergent and water to remove any
insoluble chromium salts.

¢ Eating and smoking should not be permitted in areas
where solids or liquids containing insoluble chromium
salts are handled, processed, or stored.

* Employees who handle solids or liquids containing
insoluble chromium salts should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to chromium metal or insoluble chro-
mium salts may occur and control methods which may
be effective in each case:

Operation Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Use in fabrication of
alloys

Local exhaust
ventilation; general
dilution ventilation

Use in preparation of
alioy steels to enhance
corrosion- and heat-
resistance

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Use in fabrication of
plated products for
decoration or increased
wear-resistance

Local exhaust
ventilation; general
dilution ventilation

Use in production of
non-ferrous alloys to
impart special qualities
to the alloys

Use in production and Local exhaust

processing of insoluble ventilation; general

salts dilution ventilation;
personal protective
equipment
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Operation

Use as chemical
intermediates; use in
textile industry in
dyeing, silk treating,
printing, and moth-
proofing wool

Use in leather industry
in tanning; use in
photograhic fixing baths

Use as catalysts for
halogenation, alkylation,
and catalytic cracking of
hydrocarbons

Use as fuel additives
and propellant
additives; in
photogaphic fixing
baths and in ceramics

Controls

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventilation

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If chromium metal or solids or liquids containing insolu-
ble chromium saits get into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with these chemicals.
* Skin Exposure

If solids or liquids containing insoluble chromium salts
get on the skin, wash the contaminated skin using soap
or mild detergent and water. If solids or liquids contain-
ing insoluble chromium salts penetrate through the
clothing, remove the clothing and wash the skin using
soap or mild detergent and water. If irritation persists
after washing, get medical attention.

¢ Breathing

If a person breathes in large amounts of chromium
metal or insoluble chromium salts, move the exposed
person to fresh air at once. If breathing has stopped,
perform artificial respiration. Keep the affected person
warm and at rest. Get medical attention as soon as
possible.

¢ Swallowing

When solids or liquids containing insoluble chromium
salts have been swallowed, give the person large quanti-
ties of water immediately. After the water has been
swallowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

4 Chromium Metal and Insoluble Chromium Saits (as Chromium)

. * Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

* If chromium metal or insoluble chromium saits are
spilled, the following steps should be taken:

l. Remove all ignition sources where metallic chromi-
um has been spilled.

2. Ventilate area of spill.

3. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing chromium metal or insoluble chromi-
um salts should be absorbed in vermiculite, dry sand,
earth, or a similar material.

* Waste disposal method:

Chromium metal or insoluble chromium salts may be
disposed of in sealed containers in a secured sanitary
landfill.

REFERENCES

¢ American Conference of Governmental Industrial
Hygienists: “Chromium (as Cr),” Documentation of the
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(3rd ed., 2nd printing), Cincinnati, 1974.
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* Grant, W. M.: Toxicology of the Eye (2nd ed.), C. C.
Thomas, Springfield, Illinois, 1974. :

* Hueper, W. C.: “Experimental Studies in Metal Can-
cerigenesis. X. Cancerigenic Effects of Chromite Ore
Roast Deposited in Muscle Tissue and Pleural Cavity of
Rats,” 4. M. 4. Archives of Industrial Health, 18:284-291,
1958.

¢ International Labour Office: Encyclopedia of Occupa-
tional Health and Safety, McGraw-Hill, New York,
1971.
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Disease and Industrial Medicine, Saunders, Philadelphia,
1960.
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A Medical Appraisal - |. Lung Cancer in Chromate
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Operation Controls

Use as chemical
intermediates; use in
textile industry in
dyeing, silk treating,
printing, and moth-
proofing wool

Local exhaust
ventilation; general
dilution ventilation;
personal protective
equipment

Local exhaust
ventilation; general
dilution ventitation;
personal protective
equipment

Use in leather industry
in tanning; use in
photograhic fixing baths

Local exhaust
ventilation; general
dilution ventilation

Use as catalysts for
halogenation, atkylation,
and catalytic cracking of
hydrocarbons

Locai exhaust
ventilation; general
dilution ventilation:
personal protective
equipment

Use as fuel additives
and propeilant
additives; in
photogaphic fixing
Daths and in ceramics

EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If chromium metal or solids or liquids containing insolu-
ble chromium salts get into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper lids occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with these chemicals.
* Skin Exposure

If solids or liquids containing insoluble chromium salts
get on the skin, wash the contaminated skin using soap
or mild detergent and water. If solids or liquids contain-
ing insoluble chromium salts penetrate through the
clothing, remove the clothing and wash the skin using
soap or mild detergent and water. If irritation persists
after washing, get medical attention.

® Breathing

If a person breathes in large amounts of chromium
metal or insoluble chromium salts, move the exposed
person to fresh air at once. If breathing has stopped,
perform artificial respiration. Keep the affected person
warm and at rest. Get medical attention as soon as
possible.

¢ Swallowing

When solids or liquids containing insoluble chromium
salts have been swallowed, give the person large quanti-
ties of water immediately. After the water has been
swallowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

4 Chromium Metal and Insoluble Chromium Saits (as Chromium)

. * Rescue

Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

* If chromium metal or insoluble chromium salts are
spilled, the following steps should be taken:

l. Remove all ignition sources where metallic chromi-
um has been spilled.

2. Ventilate area of spill.

3. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing chromium metal or insoluble chromi-
um salts should be absorbed in vermiculite, dry sand,
earth, or a similar material.

* Waste disposal method:

Chromium metal or insoluble chromium saits may be
disposed of in sealed containers in a secured sanitary
landfill.

REFERENCES

* American Conference of Governmental Industrial
Hygienists: “Chromium (as Cr),” Documentation of the
Threshold Limit Values JSor Substances in Workroom Air
(3rd ed., 2nd printing), Cincinnati, 1974.

* Browning, E.: Toxicity of Industrial Metals (2nd ed.),
Butterworths, London, 1969.

* Committee on Medical and Biologic Effects of Envi-
ronmental Pollutants, Division of Medical Sciences,
National Research Council: Chromium, National Acad.
emy of Sciences, Washington, D.C., 1974.

¢ Grant, W. M.: Toxicology of the Eye (2nd ed.), C. C.
Thomas, Springfield, Illinois, 1974,

* Hueper, W. C.: “Experimental Studies in Metal Can-
cerigenesis. X. Cancerigenic Effects of Chromite Ore
Roast Deposited in Muscle Tissue and Pleuraj Cavity of
Rats,” 4. M. A. Archives of Industrial Health, 18:284-291,
1958.

* International Labour Office- Encyclopedia of Occupa-
tional Health and Safety, McGraw-Hill, New York,
1971.

* Johnstone, R. T., and Miller, S. E.. Occupational
Disease and Industrial Medicine, Saunders, Philadelphia.
1960.

* Mancuso, T. F,, and Hueper, W. C.. “Occupational
Cancer and Other Health Hazards in a Chromate Plan:
A Medical Appraisal - |. Lung Cancer in Chromate

September 1978



Workers,” Industrial Medicine and Surgery, 20:358-363,
1951.

* National Institute for Occupational Safety and
Health, U.S. Department of Health, Education, and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure to Chromic Acid, HEW Publica-
tion No. HSM 73-11021, GPO No. 017-033-00020, U.S.
Government Printing Office, Washington, D.C., 1973.
¢ National Institute for Occupational Safety and
Health, U.S. Department of Health, Education. and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure to Chromium (VI), HEW Publi-
cation No. (NIOSH) 76-129, GPO No. 017-033-00125-1,
U.S. Government Printing Office, Washington, D.C.,
1975.

¢ Patty, F. A. (ed.): Toxicology, Vol. Il of Industrial
Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York, 1963.

* Princi, F,, et al.: “Pulmonary Disease of Ferroalloy
Workers,” Journal of Occupational Medicine, 4:301-310,
1962.

* Sax, N. L.: Dangerous Properties of Industrial Materials
(3rd ed.), Van Nostrand Reinhold, New York, 1968.
* Thienes, C. H., and Haley, T. J.: Clinical Toxicology
(5th ed.), Lea and Febiger, Philadelphia, 1972.

September 1978

* SPECIAL NOTE

The International Agency for Research on Cancer
(IARC) has evaluated the data on these chemicals and

“has concluded that they cause cancer. See J4RC Mono-

graphs on the Evaluation of Carcinogenic Risk of Chemi-
cals to Man, Volume 2, 1973, and Volume 23, 1980.
¢ Method

Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
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* SPECIAL NOTE

The International Agency for Research on Cancer
(IARC) has evaluated the data on these chemicals and

-has concluded that they cause cancer. See JARC Mono-

graphs on the Evaluation of Carcinogenic Risk of Chemi-
cals to Man, Volume 2, 1973, and Volume 23, 1980.
¢ Method

Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
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RESPIRATORY PROTECTION FOR CHROMIUM METAL AND INSOLUBLE CHROMIUM SALTS (AS

CHROMIUM)

Condition

Minimum Respiratory Protection*
Required Above 1 mg/ms?

Particulate Concentration

5 mg/ms? or less

Any dust and mist respirator.

10 mg/m3 or less

Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency particulate respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

50 mg/ms or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a fuil facepiece, heimet, or hood.

Any seif-contained breathing apparatus with a full facepiece.

500 mg/ms or less

A powered air-purifying respirator with a high efficiency particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 500 mg/m? or
.entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary seif-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

*Only NIOSH-approved or MSHA-approved equipment shouid be used.



RESPIRATORY PROTECTION FOR CHROMIUM METAL AND INSOLUBLE CHROMIUM SALTS (AS
CHROMIUM)

Condition Minimum Respiratory Protection*
Required Above 1 mg/ms?

Particulate Concentration

5 mg/ms or less Any dust and mist respirator.

10 mg/m3 or less Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency particulate respirator.
Any supplied-air respirator.

Any self-contained breathing apparatus.

50 mg/ms or less A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece, heimet, or hood.

Any self-contained breathing apparatus with a fuil facepiece.

500 mg/ms or less A powered air-purifying respirator with a high efficiency Particuiate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 500 mg/ms3 or Self-contained breathing apparatus with a full facepiece operated in pressure-
- entry and escape from demand or other positive pressure mode.
unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus Operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

*Only NIOSH-approved or MSHA-approved equipment should be used.



Occupational Health Guideline for .
Soluble Chromic and Chromous Salts (as Chromium)

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all soluble chromic and chromous salts. Physi-
cal and chemical properties of several specific com-
pounds are provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Chromic suifate hydrate

* Formula: Crx(SQ,)s-16H,0 (approximately)
* Synonyms: None
* Appearance and odor: Violet or green, odorless solid.

Chromic potassium sulfate

* Formula: KCr(SO.),-12H,0

* Synonyms: Potassium chrome alum; potassium chro-
mium (IIT) sulfate

* Appearance and odor: Red-violet, odorless solid.

Chromous chloride

* Formula: CrCl,

* Synonyms: None

* Appearance and odor: Colorless to gray, odorless
solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for soluble chromic or
chromous salts is 0.5 milligrams of soluble chromic or

chromous salts (as chromium) per cubic meter of air
(mg/m?) averaged over an eight-hour work shift. Cer-
tain forms of chromium (VI) have been found to cause
increased respiratory cancer among workers. Certain
other forms of chromium (V1) are currently believed to
be non-carcinogenic: They are the monochromates and
bichromates (dichromates) of hydrogen, lithium,
sodium, potassium, rubidium, cesium, and ammonium,
and chromium (V1) oxide (chromium acid anhydride).
NIOSH has not conducted an in-depth study of the
toxicity of chromium metal or compounds containing
chromium in an oxidation state other than 6. NIOSH
recommends that the permissible exposure limit for
carcinogenic chromium (V1) compounds be reduced to
0.001 mg/m? and that these compounds be regulated as
occupational carcinogens. NIOSH also recommends
that the permissible exposure limit for non-carcinogenic
chromium (VI) be reduced to 0.025 Cr (VD) mg/m?
averaged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 0.05 Cr (VD) mg/
m® averaged over a 15-minute period. It is further
recommended that chromium (V1) in the workplace be
considered carcinogenic, unless it has been demonstrat-
ed that only the non-carcinogenic chromium (VD com-
pounds mentioned above are present. The NIOSH
Criteria Documents for Chromic Acid and Chromium
(VD) should be consulted for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Soluble chromic or chromous salts can affect the body
if they come in contact with the eyes or skin. They can
also affect the body if they are swallowed.

* Effects of overexposure

Exposure to certain soluble chromic or chromous salts
have heen reported to cause an allergic skin rash.
* Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to soluble chromic or chromous salts.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation will
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National Institute for Occupational Safety and Health
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U.S. DEPARTMENT OF LABOR
Occupational Safety and Heaith Administration



Occupational Health Guideline for .
Soluble Chromic and Chromous Salts (as Chromium)

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

APPLICABILITY

The general guidelines contained in this document
apply to all soluble chromic and chromous salts. Physi-
cal and chemical properties of several specific com-
pounds are provided for illustrative purposes.

SUBSTANCE IDENTIFICATION

Chromic sulfate hydrate

* Formula: Cr(SQO.)s-16H;0 (approximately)
¢ Synonyms: None
* Appearance and odor: Violet or green, odorless solid.

Chromic potassium sulfate

¢ Formula: KCr(S0,).-12H,0

¢ Synonyms: Potassium chrome alum; potassium chro-
mium (IIT) sulfate

e Appearance and odor: Red-violet, odorless solid.

Chromous chioride

* Formula: CrCla

¢ Synonyms: None

e Appearance and odor: Colorless to gray, odorless
solid.

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for soluble chromic or
chromous salts is 0.5 milligrams of soluble chromic or

chromous salts (as chromium) per cubic meter of air
{mg/m?®) averaged over an eight-hour work shift. Cer-
tain forms of chromium (V1) have been found to cause
increased respiratory cancer among workers. Certain
other forms of chromium (V1) are currently believed to
be non-carcinogenic: They are the monochromates and
bichromates (dichromates) of hydrogen, lithium,
sodium, potassium, rubidium, cesium, and ammonium,
and chromium (VI) oxide (chromium acid anhydride).
NIOSH has not conducted an in-depth study of the
toxicity of chromium metal or compounds containing
chromium in an oxidation state other than 6. NIOSH
recommends that the permissible exposure limit for
carcinogenic chromium (VI) compounds be reduced to
0.001 mg/m? and that these compounds be regulated as
occupational carcinogens. NIOSH also recommends
that the permissible exposure limit for non-carcinogenic
chromium (VI) be reduced to 0.025 Cr (VI) mg/m?
averaged over a work shift of up to 10 hours per day, 40
hours per week, with a ceiling level of 0.05 Cr (VI) mg/
m?® averaged over a 15-minute period. It is further
recommended that chromium (VT) in the workplace be
considered carcinogenic, unless it has been demonstrat-
ed that only the non-carcinogenic chromium (VI) com-
pounds mentioned above are present. The NIOSH
Criteria Documents for Chromic Acid and Chromium
(V1) should be consuited for more detailed information.

HEALTH HAZARD INFORMATION

* Routes of exposure

Soluble chromic or chromous salts can affect the body
if they come in contact with the eyes or skin. They can
also affect the body if they are swallowed.

¢ Effects of overexposure

Exposure to certain soluble chromic or chromous salts
have heen reported to cause an allergic skin rash.
¢ Reporting signs and symptoms

A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to soluble chromic or chromous salts.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation wiil
assist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service Centers for Disease Control
National institute for Occupational Safety and Heaith
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U.S. DEPARTMENT OF LABOR
Occupational Safety and Health Administration



* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to soluble
chromic and chromous salts at potentially hazardous
levels:

1. Initial Medical Screening: Employees should be
screened for history of certain medical conditions
(listed below) which might place the employee at
increased risk from soluble chromic and chromous salts
exposure.

—Skin disease: Chromic salts may cause an allergic
dermatitis. Persons with pre-existing skin disorders may
be more susceptible to the effects of these agents.
2. Periodic Medical Examination: Any employee devel-
oping the above-listed conditions should be referred for
further medical examination.

* Summary of toxicology
The soluble chromic and chromous saits have no estab-
lished toxicity. Since exposures are often mixed, consid-
eration should be given to the possible exposure to
hexavalent chromium, which is a more toxic form. The
compound hexaaquachromium trichloride has been
found to react with protein in vitro, indicating that it is
not biologically inert. Of 35 rats implanted with chro-
mic acetate in the thigh muscle, 1 developed sarcoma;
this was considered to be evidence of weak carcinogen-
-icity of this soluble trivalent compound. When taken by
mouth, the trivalent compounds do not give rise to local
“or systemic effects and are poorly absorbed; no specific
effects are known to result from inhalation. Animals
ingesting chromic salts showed one-ninth as much
chromium in the tissues as did animals ingesting equal
amounts of chromates. Dermatitis from some chromic
salts has been reported. Some investigators believe that
all persons sensitized to hexavalent chromium are also
sensitive to the trivalent form, although this has not
been firmly estabiished.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Chromic sulfate hydrate

1. Molecular weight: 680 (approximately)

2. Boiling point (760 mm Hg): Decomposes at red
heat

3. Specific gravity (water = 1): 1.7

4. Vapor density (air = 1 at boiling point of chromic
sulfate hydrate): Not applicable v

5. Melting point: 90 C (194 F) Loses water, residue
does not melt

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, g/100 g water at 20 C (68 F):
84— 120

8. Evaporation rate (buty! acetate = 1): Not applica-
ble
¢ Physical data—Chromic potassium suifate

1. Molecular weight: 499.4

2. Boiling point (760 mm Hg): Decomposes

3. Specific gravity (water = 1): 1.83

2 Solubie Chromic and Chromous Saits (as Chromium)

4. Vapor density (air = [ at boiling point of chromic
potassium sulfate): Not applicable

5. Melting point: 89 C (192 F) Loses water, then
melts at 400 C (752 F)

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, g/100 g water at 20 C (68 F):
19.6

8. Evaporation rate (butyl acetate = 1): Not applica-
bie
¢ Physical data—Chromous chloride

1. Molecular weight: 122.9

2. Boiling point (760 mm Hg): 1300 C (2372 F)

3. Specific gravity (water = 1): 2.93

4. Vapor density (air = 1 at boiling point of chro-
mous chloride): Not applicable

5. Melting point: 820 C (1508 F)

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, g/100 g water at 20 C (68 F):
Very soluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity .

1. Conditions contributing to instability: None

2. Incompatibilities: Water (chromyl chloride)

3. Hazardous decomposition products: None

4. Special precautions: None
¢ Flammability

1. Most soluble chromic or chromous salts are not
combustible. However, chromy! chloride reacts vigor-
ously with water, forming chromic acid, chromic chlo-
ride, hydrochloric acid, and chlorine. Also, chromyl
chloride causes ignition of ammonia, ethyl alcohol,
turpentine, and other combustible materials.
¢ Warning properties
Grant states that “chromium compounds . . . are known
to cause dermatitis, uicers of the skin and mucous
membranes, and perforation of the nasal septum.” Chro-
mium chloride is an example of the chromium com-
pounds which Grant states produces these effects. Not
all chromic and chromous salts produce eye irritation.

MONITORING AND MEASUREMENT
PROCEDURES '

¢ Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of soluble chromic or chro-
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* Recommended medical surveillance

The following medical procedures should be made
available to each employee who is exposed to soluble
chromic and chromous saits at potentially hazardous
levels:

L. Initial Medical Screening: Employees should be
screened for history of certain medical conditions
(listed below) which might place the employee at
increased risk from soluble chromic and chromous salts
exposure.

—Skin disease: Chromic saits may cause an allergic
dermatitis. Persons with pre-existing skin disorders may
be more susceptible to the effects of these agents.

- Periodic Medical Examination: Any employee devel-
oping the above-listed conditions should be referred for
further medical examination.

* Summary of toxicology

The soluble chromic and chromous salts have no estab-
lished toxicity. Since exposures are often mixed, consid-
eration should be given to the possible exposure to
hexavalent chromium, which is a more toxic form. The
compound hexaaquachromium trichloride has been
found to react with protein in vitro, indicating that ir is
not biologically inert. Of 35 rats implanted with chro-
mic acetate in the thigh muscle, | developed sarcoma;
this was considered to be evidence of weak carcinogen-
-icity of this soluble trivalent compound. When taken by
mouth, the trivalent compounds do not give rise to local
“or systemic effects and are poorly absorbed; no specific
effects are known to result from inhalation. Animals
ingesting chromic salts showed one-ninth as much
chromium in the tissues as did animals ingesting equal
amounts of chromates. Dermatitis from some chromic
salts has been reported. Some investigators believe that
all persons sensitized to hexavalent chromium are also
sensitive to the trivalent form, although this has not
been firmly established.

CHEMICAL AND PHYSICAL PROPERTIES

* Physical data—Chromic suifate hydrate

1. Molecular weight: 680 (approximately)

2. Boiling point (760 mm Hg): Decomposes at red
heat

3. Specific gravity (water = 1): 1.7

4. Vapor density (air = | at boiling point of chromic
sulfate hydrate): Not applicable C

5. Melting point: 90 C (194 F) Loses water, residue
does not melt

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, 8/100 g water at 20 C (68 F):
84— 120

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
¢ Physical data—Chromic potassium suifate

1. Molecular weight: 499.4

2. Boiling point (760 mm Hg): Decomposes

3. Specific gravity (water = 1): 1.83
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4. Vapor density (air = | at boiling point of chromic
potassium sulfate): Not applicable

5. Melting point: 89 C (192 F) Loses water, then
melts at 400 C (752 F)

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, 8/100 g water at 20 C (68 F):
19.6

3. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Physical data—Chromous chloride

I. Molecular weight: 122.9

2. Boiling point (760 mm Hg): 1300 C (2372 )

3. Specific gravity (water = 1):2.93

4. Vapor density (air = 1| at boiling point of chro-
mous chloride): Not applicable

5. Melting point: 820 C (1508 F)

6. Vapor pressure at 20 C (68 F): Essentially zero
(except water of crystallization)

7. Solubility in water, 8/100 g water at 20 C (68 FY:
Very soluble

8. Evaporation rate (butyl acetate = 1): Not applica-
ble
* Reactivity .

1. Conditions contributing to instability: None

2. Incompatibilities: Water (chromyl chlcride)

3. Hazardous decomposition products: None

4. Special precautions: None
* Flammability

l. Most soluble chromic or chromous salts are not
combustible. However, chromyl chioride reacts vigor-
ously with water, forming chromic acid, chromic chlo-
ride, hydrochloric acid, and chlorine. Also, chromy]
chloride causes ignition of ammonia, ethyl alcohol,
turpentine, and other combustible materials.
* Warning properties
Grant states that *“chromium compounds . . . are known
to cause dermatitis, ulcers of the skin and mucous
membranes, and perforation of the nasal septum.” Chro-
mium chloride is an example of the chromium com-
pounds which Grant states produces these effects. Not
all chromic and chromous salts produce eye irritation.

MONITORING AND MEASUREMENT
PROCEDURES '

* Eight-Hour Exposure Evaluation

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee’s breathing zone (air that would most nearly
represent that inhaled by the employee).

¢ Ceiling Evaluation

Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of soluble chromic or chro-
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mous salts. Each measurement should consist of a
fifteen (15) minute sample or series of consecutive
samples totalling fifteen (15) minutes in the employee’s
breathing zone (air that would most nearly represent
-that inhaled by the employee). A minimum of three 3)
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of soluble chromic or chromous salts on a filter, fol-
lowed by treatment with acid and atomic absorption
spectrophotometric analysis. An analytical method for
soluble chromic and chromous salts is in the NJOSH
Manual of Analytical Methods, 2nd Ed., Vol. 6, 1980,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 01 7-033-00369-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and ‘work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquids or solids containing soluble chromic or
chromous salts.

* Clothing contaminated with soluble chromic or chro-
mous salts should be placed in closed containers for
storage until it can be discarded or until provision is
made for the removal of chromic or chromous salts
tfrom the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the chromic or chromous
salts, the person performing the operation should be
informed of soluble chromic or chromous salts’s hazard-
ous properties.
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* Non-impervious clothing which becomes contami-
nated with soluble chromic or chromous salts should be
removed promptly and not reworn until the soluble
chromic or chromous salts are removed from the cloth-
ing.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of liquids or solids containing soluble
chromic or chromous salts contacting the eyes.

* Where there is any possibility that employees’ eyes
may be exposed to liquids or solids containing soluble
chromic or chromous salts, an eye-wash fountain
should be provided within the immediate work area for
emergency use.

SANITATION

* Skin that becomes contaminated with soluble chro-
mic or chromous salts should be promptly washed or
showered to remove any soluble chromic or chromous
salts,

* Employees who handle liquids or solids containing
soluble chromic or chromous salts should wash their
hands thoroughly before eating, smoking, or using toilet
facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to soluble chromic or chromous salts
may occur and control methods which may be effective
in each case:

Controis

Local exhaust
ventilation; personal
protective equipment

Operation

Use in textile treatment
in dyeing, printing,
moth-proofing, and
water-proofing; use in
tanning of leather in
gloves, garments, and
shoe uppers

Local exhaust
ventilation; personal
protective equipment

Use in manufacture of
pigments for green
varnishes, inks, paints,
and glazes

Local exhaust
ventilation; personal
protective equipment

Use for metal treatment
and polishing

Local exhaust
ventilation; personal
protective equipment

Use in photographic
fixing baths for
hardening of emulsions:
use as catalysts and in
manufacture of
catalysts

Local exhaust
ventilation; personal
protective equipment

Use in chemical
synthesis; use as
corrosion inhibitors

Soluble Chromic and Chromous Saits (as Chromium) 3



mous saits. Each measurement should consist of a
fifteen (15) minute sample or series of consecutive
samples totalling fifteen (15) minutes in the employee’s
breathing zone (air that would most nearly represent
-that inhaled by the employee). A minimum of three (3)
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee’s exposure.

* Method

Sampling and analyses may be performed by collection
of soluble chromic or chromous salts on a filter, fol-
lowed by treatment with acid and atomic absorption
spectrophotometric analysis. An analytical method for
soluble chromic and chromous salts is in the N/OSH
Manual of Analytical Methods, 2nd Ed., Vol. 6, 1980,
available from the Government Printing Office, Wash-
ington, D.C. 20402 (GPO No. 017-033-00369-6).

RESPIRATORS

* Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and "work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.

* In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT

* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with liquids or solids containing soluble chromic or
chromous salts.

¢ Clothing contaminated with soluble chromic or chro-
mous salts should be placed in closed containers for
storage until it can be discarded or until provision is
made for the removal of chromic or chromous salts
from the clothing. If the clothing is to be laundered or
otherwise cleaned to remove the chromic or chromous
salts, the person performing the operation should be
informed of soluble chromic or chromous salts’s hazard-
ous properties.
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¢ Non-impervious clothing which becomes contami-
nated with soluble chromic or chromous salts should be
removed promptly and not reworn until the soluble
chromic or chromous salts are removed from the cloth-
ing.

* Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of liquids or solids containing soluble
chromic or chromous salts contacting the eyes.

* Where there is any possibility that employees’ eyes
may be exposed to liquids or solids containing soluble
chromic or chromous salts, an eye-wash fountain
should be provided within the immediate work area for
emergency use.

SANITATION

* Skin that becomes contaminated with soluble chro-
mic or chromous salts should be promptly washed or
showered to remove any soluble chromic or chromous
salts.

* Employees who handle liquids or solids containing
soluble chromic or chromous saits should wash their
hands thoroughly before eating, smoking, or using toilet
facilities.

COMMON OPERATIONS AND CONTROLS

The following list includes some common operations in
which exposure to soluble chromic or chromous salts
may occur and control methods which may be effective
in each case:

Controls

Local exhaust
ventilation; personal
protective equipment

Operation

Use in textile treatment
in dyeing, printing,
moth-proofing, and
water-proofing; use in
tanning of leather in
gloves, garments, and
shoe uppers

Use in manufacture of Local exhaust

pigments for green ventilation; personal
varnishes, inks, paints, protective equipment
and glazes

Local exhaust
ventilation; personal
protective equipment

Use for metal treatment
and polishing

Local exhaust
ventilation; personal
protective equipment

Use in photographic
fixing baths for
hardening of emulsions;
use as catalysts and in
manufacture of
catalysts

Local exhaust
ventilation; personal
protective equipment

Use in chemical
synthesis; use as
corrosion inhibitors
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EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
¢ Eye Exposure

If liquids or solids containing soluble chromic or chro-
mous salts get into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper
lids occasionally. If irritation is present after washing,
get medical attention. Contact lenses should not be
worn when working with these chemicals.

¢ Skin Exposure

If liquids or solids containing soluble chromic or chro-
mous salts get on the skin, promptly flush the contami-
nated skin with water. If liquids or solids containing
soluble chromic or chromous salts penetrate through
the clothing, remove the clothing promptly and flush
the skin with water. If irritation persists after washing,
get medical attention.

¢ Breathing

If a person breathes in large amounts of soluble chromic
or chromous salts, move the exposed person to fresh air
at once. If breathing has stopped, perform artificial
respiration. Keep the affected person warm and at rest.
Get medical attention as soon as possible.

* Swallowing

When liquids or solids containing soluble chromic or
chromous salts have been swallowed give the person
. large quantities of water immediately. After the water
has been swallowed, try to get the person to vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immediately.

* Rescue

. Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

* If soluble chromic or chromous salts are spilled, the
following steps should be taken:

1. Ventilate area of spill.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing soluble chromic or chromous salts
should be absorbed in vermiculite, dry sand, earth, or a
similar material.

* Waste disposal method:

Soluble chromic or chromous salts may be disposed of
in sealed containers in a secured sanitary landfill.

4 Soluble Chromic and Chromous Saits (as Chromium)
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EMERGENCY FIRST AID PROCEDURES

In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
* Eye Exposure

If liquids or solids containing soluble chromic or chro-
mous salts get into the eyes, wash eyes immediately
with large amounts of water, lifting the lower and upper
lids occasionally. If irritation is present after washing,
get medical attention. Contact lenses should not be
worn when working with these chemicals.

* Skin Exposure

If liquids or solids containing soluble chromic or chro-
mous salts get on the skin, promptly flush the contami-
nated skin with water. If liquids or solids containing
soluble chromic or chromous salts penetrate through
the clothing, remove the clothing promptly and flush
the skin with water. If irritation persists after washing,
get medical attention.

* Breathing

If a person breathes in large amounts of soluble chromic
or chromous salts, move the exposed person to fresh air
at once. If breathing has stopped. perform artificial
respiration. Keep the affected person warm and at rest.
Get medical attention as soon as possibie.

* Swallowing

When liquids or solids containing soluble chromic or
chromous saits have been swallowed give the person
. large quantities of water immediately. After the water
has been swallowed, iry to get the person to vomit by
having him touch the back of his throat with his finger.
Do not make an unconscious person vomit. Get medical
attention immediately.

* Rescue

. Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility’s emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

SPILL AND DISPOSAL PROCEDURES

* Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.

* If soluble chromic or chromous salts are spilled, the
following steps should be taken:

L. Ventilate area of spill.

2. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill.
Liquid containing soluble chromic or chromous salts
should be absorbed in vermiculite, dry sand, earth, or a
similar material.

¢ Waste disposal method:

Soluble chromic or chromous salts may be disposed of
in sealed containers in a secured sanitary landfill.

4 Soluble Chromic and Chromous Saits (as Chromium)
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* SPECIAL NOTE

The International Agency for Research on Cancer
(IARC) has evaluated the data on these chemicals and
has concluded that they cause cancer. See J4RC Mono-
graphs on the Evaluation of Carcinogenic Risk of Chemni-
cals to Man, Volume 2, 1973, and Volume 23, 1980.

RESPIRATORY PROTECTION FOR SOLUBLE CHROMIC AND CHROMOUS SALTS (AS

CHROMIUM)

Condition

Minimum Respiratory Protection”*
Required Above 0.5 mg/m?

Particulate Concentration

2.5 mg/m3 or less

Any dust and mist respirator, except single-use.**

5 mg/m3 or less

Any dust and mist respirator, except single-use or quarter-mask respirator.**
Any fume respirator or high efficiency particulate respirator.**
Any supplied-air respirator.**

Any self-contained breathing apparatus.**

25 mg/m3 or less

A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece, helmet, or hood.

Any self-contained breathing apparatus with a full facepiece:

250 mg/m? or less

A powered air-purifying respirator with a full facepiece and a high efficiency
particulate filter.

A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 250 mg/m? or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

*Only NIOSH-approved or MSHA-approved equipment should be used.

**If eye irritation occurs, full-facepiece respiratory protective equipment shouid be used.
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Occupational Health Guideline for
Copper Dusts and Mists

INTRODUCTION

This guideline is intended as a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.

SUBSTANCE IDENTIFICATION

* Formulas of example compounds: CuSO,-5H,O;
CudCl

* Example compounds: Copper sulfate dust or mist;
cuprous chloride dust

* Appearance and odor: Odorless solids

PERMISSIBLE EXPOSURE LIMIT (PEL)

The current OSHA standard for copper dusts or mists is
I milligram of copper dusts or mists per cubic meter of
air (mg/m?®) averaged over an eight-hour work shift.

HEALTH HAZARD INFORMATION

* Routes of exposure

Copper dusts or mists can affect the body if they are
inhaled or if they come in contact with the eyes or skin.
They can also affect the body if they are swallowed.
¢ Effects of overexposure

1. Short-term Exposure: Powdered copper or dusts or
mists of copper salts may cause a feeling of illness
similar to the common cold with sensations of chills and
stuffiness of the head. Small copper particles may enter
the eye and cause irritation, discoloration, and damage.
2. Long-term Exposure: Repeated or prolonged expo-
sure to copp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>